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PREFACE 



The authors have striven to adapt this l)0()k to tlie 
cai'liiT sta.ixes of the high-school cnurse. 'J'(j this end the 
statements are simple, techuieal terms are sparingly used, 
and when employed they are prom[)tly defined. Thus a}i- 
proaehed, Physieal Geography may well serve to introduce 
young students to the sjiirit and method of science. The 
aim of the volume as thus set forth "will ex})laiu the omis- 
sion of a few of the more dihicult eonce})tions of land 
physiography w'hicli ajipear in some school texts. 

The treatment, so far as possihle, is concrete. \Vhcr- 
ever practicable, each suhject is opened with a ty}>e case, 
in the description of which the terminology is called forth 
and the principles begin to ap})ear. Other examples fol- 
low, with a systematic statement of principles, and the 
princi2)les are further illustra.ted liy a|)plica.tion. This is 
believed to he in the line of gccd teaching, and is a method 
to wliich our suljject lends itself with special effectiveness. 

While the princiiiles of Physical Geography lielong to 
the earth as a whole, and type cases are cited from all 
regions, the greater emphasis is put on our continent. A 
se^^arate (diapter on Xorth America wcmkl pass onr limit of 
space, Init when the entire text has been read, all the 
greater features of the continent will have received 
attention. 

The average judgment of teachers has been sought in 
ap25ortioning the space to the several greater depaidments 
of the subject. Xearly one-half is given to the hinds. The 
relation of organisms to the earth is introduced wherever 
appropriate, and the two closing chajiters add furtlier illus- 
trations, and treat the principles in a systematic way. 

V 
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The order of topics has been adopted after deliberate 
consideration. The study of the lands is brought in early, 
in the belief that here is the sure appeal to the students' 
interest aud previous knowledge. Alike for their famili- 
arity, variety, and djrnaniic interest, the stream and its 
valley come first. This order is also conveniently adjusted 
to the school year ; field excursions, associated with the 
study of lauds, can begin in the autumn, and map study 
aud other laboratory exercises can be carried on during the 
winter, as may be desired. The atmosphere will be reached 
during the cold season, which, however, is as favorable as 
any other for practical exercises in this subject. The ocean 
is put late, because it is remote from most schools, and has 
not been seen by the majority of young students. It is 
plain that shore-lines should follow both land and sea, and 
that the formal treatment of life should bo ut the end. 

The illustrations are closely correlated with the text, 
and their titles are accompanied by supplementary expla- 
nations. Many cross-references are given, especially where 
one figure shows features described in ditierent chapters. 

The teachers' pamphlet which accompanies this volume 
contains suggestions for teaching the several cha[)ters, with 
bibliography, lists of practical exercises, and further eluci- 
dation of certain points in the text. 

Our acknowledgments are due to Dr. C. Ilai't Merriam, 
C'hief of the United States Biological Survey, who has read 
jDarts of the manuscript and made useful suggestions ; to 
Dr. Francis R. Lane, Director of High Schools, Washing- 
ton, D. C., who has read the proofs and criticized them 
from the pedagogical point of view; to Mr. I). C. Eidgley 
of the AA'est Division High School, Chicago, whose critical 
opinion as to plan and method has been specially valuable; 
to the United States Geological Survey and other l)ureaus 
of the (Government, and to many individuals, who have 
given cor<lial assistance in illustrating the volume. Per- 
sonal acknowledgment of this help is elsewhere given. 

The Authors. 
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CHAPTER I 

THE EAETH 

1. Form of the earth. — On September C, lo-.'-2, a little 
company of weatlier-ljeateu and "\vearv sailors brought their 
vessel to rest in a Sjiauish -port. Three years before, ^!a- 
gellan had led them forth, with a fleet of five shi2)S, to find 
the Spiee Islands liy a western route. Tlirough romantic 
adventure and heroic endurance the commander brought 
liis es}iedition artumd the Horn and across the Pacific to 
the Philip2)ine Islands, where he was slain. Eigliteen men 
fought their way about the Cape of Good Ilojie and saw 
their homes again. Xo one before them had sailed around 
the world. They showed Ijy exjieriment that the earth 
could be circumnavigated. We sometimes say tjiat they 
proved it to be round. This is not strictly true. It might 
have had the shape of an egg, or have been in sonn' other 
way very different from a sphere. The voyage did prove, 
however, that our eartli lies free in space and is bounded l>v 
curved surfaces. 

Columlnis and other moderi\ men were not the first to 
infer that the earth is round. Some ancient philosophers 
felt quite sure of it, for tliey noted that different groups of 
stars were seen from jilaces far north or S(nitli,and on a flat 
earth this would not be so. Put full proof cauie with all 
the freshness of first discovery to modern peoples, who 

1 
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found even more complete evidence than is afforded by a 
voyage around tlie world. The sailor ap2)roacliing port 
sees land from the mast before he sees it from the deck, 

and he discerns the 
spires and roofs be- 
fore the foundations 
come to view. The 
outgoing ship is soon 
" hull down " on 
the horizon, and at 
length the masthead 
disappears. The sur- 
face of a lake four 
miles wide is curved 

enough to conceal 

'-''' '':- the lower five feet of 

Fk;. 1.— Thy cnrvaturu of thr octniii. Tlic \vat(-T partlj' .^j^ obicct SCCU acrOSS 
coiiCL'alh the distant ships, 

its surface. The 
earth casts a curved shadow on the moon when it comes 
between it and the sun. 

Thus we know that the etirth is netirly round. It is 
flattened tibout 13 miles at each pole, ;ind there are other 
small irreguhirities ; so that if it were halved along any 
plane, the cut surftice woidil not be a perfect circle. The 
earth is not a perfectly rigid body, but may change its 
shape from age to ;ige, like a niblier Inill comjiressed in 
slight degree, now at one point ;ind now at tinother. It 
litis Ix'cn the work of the hist twu centuries to find these 
smtill ileptirturt\s from the jiattcrn of a sphere. 

2. Latitude and longitude. — It is an important work of 
every gretit utition to sound and chart the seas. If the seti is 
to lie a highw;i\% its shoals and tditmnels, harbors and islands 
must be known in ways that all ctm understand. Even 
the wastes of mid-ocean must be so mapped that the mari- 
ner can tell where he is and whither he is going. Mdien a 
new slioiil is found by any sailor, it should be made kncnrn 
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to CTery shipmaster sailing in tliose waters. It would be 
described exactly and in the shortest terms by referring it 
to imaginary lines of latitude and longitude. Physical 
geograi)hers deal most with actual things seen on the earth, 
but, like students of political or commercial geography, 
they fall back u])on tliis ingenious plan for indicating, in 
maps and in written speech, the exact positions of geo- 
graphic features. 

We start with the poles, as marking the line about 
which the earth turns. The circle midway between the 
})oles, dividing the surface into halves, we agree to call the 
equator. We then imagine circles parallel to this, a degree 
apart and growing smaller in size, all the w^ay to either 
pole. Wc call these parallels of north or south lati- 
tude, and number each way from ecjuator to pole. ]5y 
their aid any point on the earth can be described as to its 
distance from the middle or equatorial line, and the dis- 
tance can be plotted on a globe. When this method is 
used, distances are indicated in degrees, minutes, and sec- 
onds. A degree of latitude covers about 69 miles. It is a 
trifle longer near the poles than near the eqtuitor, because 
there the curve of the sitrface is less. 

We also Imagine a system of lines cutting the parallels 
at right angles and meeting in the poles. Each is a half- 
circumference of the earth, and we think of them as one 
degree apart around the earth. We call them meridians, 
because it is noon at the same time at all points of any one 
of them. A degree of longitude covers about 09 miles at 
the equator, but diminishes to zero at either pole. It is 
purely a matter of choice wdiere we begin to reckon, but it 
is common the world over to call the meridian passing 
through the Greenwich Observatory, near London, zero, and 
number west or east to 180°. Thus all points in Xorth Amer- 
ica are in west longitude and in lujrth latitude. The posi- 
tion of the Capitol at Washington is 38° 53' 23". 2 X. lat., 
77° 00' 33".5 W. long. 
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This scheme of lines is particuhirly useful in mapping 
and navigating the sea, and in making large surveys on the 
land, as for government or State boundaries. It enables us 
to indicate the relations of two distant j^oints more exactly 
than by referring them to neighboring rivers, lakes, or 
jnountains, though the latter way is often more instructive. 
3. The earth without and within. — Xo one knows much 
about the inside of our glolje. Yet most of its bulk and 
weight are far within the surface, and geography, which 
looks at the earth as a whole, must take notice of it. The 
interior is believed to be very hot. It is known tliat for 
every .50 feet of descent into a deep mine there is a gain of 
about one degree iji temperature ; and the lavas of volca- 
noes, flowing up from sources miles below the surface, are 
as hot as molten iron or coppjer. 

It is also known that the earth is about twice as heavy as 
the same bulk of the common surface rocks would be. This 
may mean that the inside is made largely of iron and other 
metals. Or it may mean that the materials are like those 
of the surface, liut are so packed and condensed under 
pressure as to weigh much more for the same bulk. 

The outer part of the earth, like the outside of a loaf of 
bread, is called the Crust. "W'e know that the crust is cold 

and rigid, and that the in- 
terior is hot. It was for- 
merly believed that the 
whole interior is molten, 
l)ut that view is now f{ues- 
tioned. We use the word 
Fh. 2,-iac.,i .,,tth,., or -sction," shnw- ..^ithout implvluo' a theory 

111':; soil i,v), the in;iiit]c- of waste (;n, and L . ^ j 

bell rock w). as to the state of the inte- 

rior, or even that there is 
some level of alirupt passage from the rind to the core of 
the earth. Crust is a convenient word fm- that outei' ]vtrt 
with which geogra])hy has most to do. In it are useful 
minerals. Its decay forms soil. Over it are the waters 
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and the atmosphere. On or near its surface are the hosts 
of livint,' things. It is the chief snl)ject of our study. 

•4. The rocks of the earth's crust. — Nearly everywhere 
there is a bhmket of soil and stony waste. On the very 




Fit, 



'.SUalillcd rockt .^cuii in the liaiik iif a creek. Laj'ery of linie-stone are sep- 
arated by layers of soft shale. 



surface is commonly a true soil, in which plants will grow. 
Below is clay, or sand, or loam, or gravel. Under this loose 
layer, and rising out of it in mountains and ledges, is the 
hard "bed-rock," which continues to great depths, or until 
we come to the unknown conditions of the earth's interior. 

We must now take these thick rocks and divide them 
into two great sorts. This is not a complete division, for 
the geologist would find many kinds, but the student of 
johysical geography will find it most useful to know the two 
classes. 

In large parts of tlie continents the rocks are in layers 
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and horizontal. The student will remember quarries in 
which the layers, each a few inches or a foot or two thick, 
lie tier on tier. Some are harder and some are softer, and 
they may be of many colors, but they are either sandstones, 

shales, or limestones 
(sections 64-66). They 
were originally formed 
as layers of mud or 
sand in lakes or seas, 
and have since been 
hardened into rock. In 
other places the same 
rocks are found in the 
same sort of layers, but 
the layers are tipped to 
various slopes, or even 
stand on edge. Eocks 
in layers are called 
Stratified rocks. 

In other regions the 
surface rocks are not in 
layers, and are neither 
sandstone, shale, nor 
limestone, and arc crystalline. They have come to be what 
they are in ways too difficiUt and various to be explained 
here. Many of them have cooled from a melted or much- 
heated state ; and they are called Igneous or Crystalline 
rocks. Granite (section 67) may be taken as the most 
familiar illustration of the class. They are more likely 
to appear at the surface in mountain regions, but they 
exist everywhere at some distance underground. If we 
were to dig or bore deep enough in the layered or strati- 
fied rock, we should always find the other kind at the 
bottom. The igneous rocks, therefore, make up the larger 
part of the crust, but over them in vast regions the beds 
of stratified rock lie as a cover. 




Fig, 4.— Limestone strata which have been up- 
turned in a mountain. 
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If ^ve could pierce the crust under the sea we should 
fiud first the soft muds, then jjerhaps hard muds or strati- 
fied rocks, and still below the hard foundation of older 
rocks. 




Fig. 5. — Ideal section of part of the earth's crust, with landscape above. Granite and 
ortuT crj'stalline rocks appear with irregular outlines at the bottom of the section; 
o\-er them are stratified rocks, partly bent and partly flat. The forms of the land- 
scape are related to the arrangement of the rocks. 

5. Land and water. — The student already knows the rel- 
ative areas of water and land, and knows also much of the 
continents and their arrangement. It is almost certain 
that there is oi)en sea, save for ico, about the north pole, 
and land sheeted with ice about the south j^ole. The 
great lands are wide at the north, where tlu^y almost en- 
circle the world. The great seas are continuous toward 
the south, and reach northward in the several oceans. ATe 
may regard the seas as one spherical sheet of water, inter- 
rupted by lands large and small. The great lands nai-row, 
or are invaded by extensions of the sea, near the equatorial 
belt, so that the cutting of slender necks at Suez and in 
Central America completes a water passage around the 
globe. Low coral islands and liigh volcanic islands are 
numerous in the seas, and there is no point on the globe 
which is more than a few hundred miles from some land. 
We can also make an instructive division of the earth into 
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a land lieniispliere, having its center in western Europe, 
and a water hemis|)liere with its center near New Zealand. 
These facts will help us toward imagining the earth's 
surface as a whole, but it is much more important to know 
how the sea and land affect each other. The mud which 
stains the waters of the brook after a heavy shower will go 
to the river and then to the sea, and in its bottom, some of 
it hundreds of miles from shore, will come to rest. Thus 
the material of the land is constantly cast into the sea. 
The sun beats on the surface of the sea and lifts its waters 
as invisiljle vapor. This is blown over the land, condensed 
to rain or snow, and falls, creating all rivers, watering the 
fields, and making life on land possible. So far as we can 
see, a living world withorrt the ocean is imjiossible. In the 
chapters on the land and the ocean we shall learn of many 




Water hoDiIsplicr 



other links that bind the two, and make our planet one 
world indeed. There is no part of it so distant that it does 
not help to make us what we are. 

If we study the brook more closely we find that every 
time a flood courses through it its channel is changed. Here 
an overhanging bank is washed away, nniking a tree fall ; 
there a shelving shore is built higlier Iiy a deposit of mud 
or sand. Here a gravelly bar grows hniger or shorter; 
there a swimming-jiool is nuide deeper or sliallower. 
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Through such changes wu come to know that the brook is 
a carrier not only of fine mud, but of sand and gravel, 
catching them as they fall from bank or clitf, and driying 
and rolling them onward to the river and the sea. 




Fii;. 7- — The brook ia a carrier. As the rock of the high b.ank crumbles, fragments 
tall into the water and arc swept away. The brook is also a digger. In time of 
flood its strong current, thrown against the bank at the bend, tears out stones 
and earth. 



6. The outflow of lava in volcanoes. — Not less strange 
and wonderful to us is the flow of lava, pouring out of the 
earth like molten iron from a furnace, hardening as it cools, 
and pouring and hardening again and again, till a hill or 
mouittain is built up; or the bursting of other lava into 
ashdike fragments which rain on the surrounding lands 
till fields and meadows, and even forests and cities, are 
buried and destroyed. Tlie volcano tells not only of great 
heat below the outer layers of the crust, but of forces so 
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enormous that the crust itself is rent in giving passage to 
the pent-up liquid. 

7. Rivers of ice, or glaciers. — Among the peaks of lofty 
mountains are other streams made of ice, not more marvel- 
ous, perhaps, than streams of water, but exciting our wonder 
because far away and unfamiliar. Glaciers are fed liy the 
wintry snows of the cold heights, and creep downward until 
melted by the warmer air of the lowlands. They also are 
carriers, plucking pebbles and boulders and fine earth from 
their channels, and dropping them in the valleys below. 
Many centuries ago, before the records of history began, 
immense glaciers, or ice-sheets, overspread much of Canada 
and encroached on the United States from the north. Tlie 
period of this ice invasion is called the Ice Age, or the 
Glacial Ejooch, and the geography of many lands then 
underwent important changes. 

8. Up and down movements of the land. — Many students 
will find near their homes stratified rocks which contain 
shells that grew in the sea. They were enclosed in muds 
of the sea-bottom, the muds were hardened into the rocks 
we see, and rocks and shells are now perhai)s hundreds of 




Fin. 8,— An uplifted sea-margin. The beatine; of waves washes away rock niid e.wth 
at the shore, especially on hold capes, making cliffs and shelves. When the land 
is litti'd hiijher the same'thing is dime along the new shore-line. 

feet above the water. This means that old sea-bottoms have 
come up out of the water and now form land. Can we find 
any lands which are now experiencing such uplift, or which 
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have thus risen iu recent times ? On the south shore of 
Maine geologists have found old sea-beaches more than 200 
feet above the sea. These tell that that region has risen 
up out of the ocean late in the making of our continent. 
Similar old sea-margins, cut against the slopes of the land- 
are found on the borders of Alaska and Scotland and Xor- 
way. A'illages and landing-places have seen the sea flow 
away from them since men began to record modern history. 
In other places sinking has been going on. Such move- 
ments go on very slowly — so slowly that they can not be 
felt or seen. Only the result can be measured after a 
period of time. 

0. Continuous change. — It is important to obtain a clear 
understanding of tlie fact that the face of the earth is al- 
ways changing. The mud and sand of the flooded brook 
were washed by rain from field and hillside, and their 
removal changed the form of the surface. ^\"hen their 
journey ends and the}" again come to rest under the sea, 
they change the form of the sea-t)ottom. The wt)rk of each 
storm may be so small that we can hardly detect it ; but 
time is long, and all the storms of thousands of centuries 
can even remove hills, or hollow out valleys, or make shoals 
where once the ocean was deep. A glacier creeps along so 
slowlv that we must make careful measurement to be sure 
that it moves at all, bitt liy grinding away for ages it makes 
great changes in the form of its bed and Iniilds high hills 
of stony waste at its end. The work of the volcano is more 
conspictious, because it heaps ttp a hill or blasts out a hol- 
low bv a single effort. Where the land is rising, bays are 
becoming gradually shoal and narrow, eajics are extending 
and islands are liroadeniug, straits are giving place to 
isthmuses, and the whole coast is gaining new outlines. 

We must tmderstand, too, that such changes have been 
in progress for an immense period in the past. By means 
of them the forms of land and sea, the plains and valleys, 
hills and mountains, have been made and remade, until 
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every feiiture is the result of eliango. There was a time 
wlien men tlioiiglit of the earth as unchanging, but the 
geographer no longer speaks of the " everlasting hills."' He 
believes each shape of the surface to have been produced 
through some series of changes, and in seeking to learn the 
history of its origin finds never- failing interest. A growing 
world is a living world, and to study geography well is to 
look upon the noblest of panoramas. 

10. The atmosphere. — Here is land and there is sea, but 
over all is the air, invisiljle, Init keenly felt, forming a 
blanket covering the continents and the oceans. It is in- 
deed a bhuiket, for without its protection heat would liy off 
into space and the surface of the earth would be always 
frozen. It is never long still, and in its ebb and flow, its 
creep and rush over the earth, it is the great carrier of 
clouds and of heat. It is in some way breathed ]>y all living 
creatures, even by the lowest plants and by animals in the 
deepest seas, and thus in many ways is necessary to life. 
We shall come to its study in later chapters, and find it one 
of the most important themes in increasing our knowledge 
of the eurtli. 

11. Living things. — The early settlers found ^'ew Eng- 
land and tlie Appalachian region covered witli dense for- 
ests. Through the Mississippi valley grew the grasses and 
flowers of the prairies and the endless woods of the region 
toward the (lulf. In the western plains and valleys are 
grasses for pasturage, and wide tracts of bushes and herbs. 
In the western mountains trees and meadows and gardens 
of Alpine flowers predominate over rocks and snows. And 
so, tlie world over, the carpet of vegetation colors every 
picture. Insects aiul birds flll tlie lowei- air, beasts tread 
the ground, and worms and l)urrowing creatures occupy 
the soil. All lakes of fresli water teem witli fish, and 
the ocean has infinitely more life than all the lands 
together. We do not, of course, forget tluit land life is 
much of it of a higher sort; but we find the best teach- 
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ing of geography in seeing how the hiud and sea, and the 
sea of air above them, have lielped to make all living crea- 
tures what they are. An oyster ean not live upon the land 
nor an oak in the sea. A palm would die in Greenland, 
and a reindeer would pine in a southern liome. Eacli has 
Come to its estate through the long liistory of its ancestors, 
living in conditions of moisture or dryness, heat or cold, 
and influenced by them. 

12. Geography. — If we wish to know the other planets 
in our solar system, or the arrangement of the fixed stars, 
we study astronomy. If we would learn the laws and uses 
of electricity, we turn to physics. If we desire knowl- 
edge of the ancient history of our earth, of the growth 
of its lands and of the animals and plants of long ago, we 
study geology. Should our object be to understand animals 
or plants in a thorough way, zoology or botany would be 
our theme. But our purpose is to know the earth as a 
wdiole. Land and sea, air and rock, beast and tree combine 
to form it ; and we give some study to each, not to know 
all about any one, but to see how each controls the rest, 
and how all work together. This is the science of geog- 
raphy. And because we deal with the natural earth and 
not with its political provinces, we call our subject Physical 
Geography. 

The earth belongs to the sun and revolves around it. 
Thus we must touch upon astronomy. The winds and 
storms and tides and flowing waters show^ the working of 
forces, and so we look to physics for help. Some animals 
have become used to cold climates, others are fitted to en- 
dure heat. Some plants, like the dandelion, are widely 
scattered, because the seeds have become fitted for travel 
by the winds. Some live on high mountains, some in 
swamps, and others in deserts. The zoologist and botanist 
will tell us about these, and with their help we shall see the 
earth as the home of life. To form true notions of our 
whole planet, because men live upon it and because they 
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have been much influenced by their surroundings — this is 
the purpose of geography. 

13. Maps. — These are a convenient means of bringing 
the earth under our eye and of describing it to others. 
They are miniature representations of the whole earth, or 
of a part of it. In a small-scale map one inch might repre- 
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Fig. 9. — Map expressing relief by shading. From a model of the district a photo- 
graph was made, and this was copied by the "half-tone '' process. Scale, one 
inch eqnals live miles. The map shows parts of the Hudson Valley and the 
Catskill Mountains, or Plateau. See pages 60, inl, and 182. 

sent hundreds of miles, as in a common page map of Xorth 
America. But on the atlas sheets published by the United 
States (leological Survey one incli commonly represents 
one mile. In such a map many natural and artificial fea- 
tures can be included. The map scale for a closely jiopu- 
lated city would be much greater than this. Upon consult- 
ing a map the scale should be at once sought. 

Various devices are used to show not merely the ground- 



THE EARTH 



15 



plan or arrangement, bnt reliefs or elevations as well. This 
may be done by sluuling (Fig. 9), or by short lines called 
Hacliures (Fig. 10), or by curved lines known as Contours 
(Fig. 11). Hachures are short lines pointing in the direc- 
tion of the slope of the ground. They are made heavier 
where the slope is steeper. A contour is everywhere at 




Fkv. lU.— jMap expressini^^ relief by hachures. Shows part of Cape Cod, JIass. Scale, 
one iiu'li equals two-thii'dM of a mile. 



right angles to the direction of slope. It represents the 
course one might take if he walked horizontally across 
sloping ground, choosing his way so as to go neitlier up nor 
down. The outline of a lake is a contour about tlie valley 
in which the lake lies. If water should be added to the 
lake until it is ten feet deeper the new lake outline 
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would be a contour at a level ten feet higher. The con- 
tours of a map rej^resent level lines about the sides of 
valleys and hills, each at a height differing by a regular 
interval from that of the contour next Ijelow it. In Fig. 11 
the contour interval is ten feet, in Fig. 12, twenty feet. 
If the contours are crowded, the slope is steep. II they 
are far apart, the ground is nearly level. 

Models are relief maps, and are thus more true to nature, 
if well made, than fiat maps. Many models are deceptive 
and harmful because the heights and slopes are so exagger- 
ated as to teach untruth ; but there are also many truthful 
models, espedally of small regions, in which the scale for 
heights is the same as the scale for distances. A globe is 
the most general map, and it may be smooth, or wrought in 
relief. Pictures are of use in geography. They show 
smaller areas, but in greater detail. Specimens are in some 
ways best, for they are actual joarts or products of the earth. 
AVe illuminate maps, models, jiictures, and specimens by 
records of travel, and, best of all, travel ourselves, and thus 
make geography interesting and real. 




Fro. 11. — Map expressing relief by contours. Contours arc in brown, water features 
in blue. Contour interval, ten feet. Figures show the heights of contours above 
sea-level. Contours at 4.50, 500, 550, 600. and 650 feet above eea-Ievel are distin- 
guished by heavier lines. Scale, one inch to the mile. The area represented Is ia 
the State of Illinois. See pages 15 and 67. 



CHAPTER II 

THE EARTH AND THE SUN 

14. The sun. — The earth may he said to bclons: to the 
sun. Tu no other lieaveuly bod}^ are we related in any sucli 
close way. ^Ye travel around it, we can not g-et away from 
it, and withoiit it tliere could be no life on the earth. We 
can not cumprelicnd wliat astronomers tell us of its size. 
It means little to say tliat its diameter is nearly a million 
miles. Hut it helps our imagination more to say tliat it is 
nearly four times as far througli the sun as it is from liere 
to tlio moon. Large as our planet seems to us when we 
travel to distant hinds, it is a mere speck in comparison 
witli tlie sun. If the setting sun, seen through a liazy 
atmosjiliere. seems to us as big as a cart-wheel, we must use 
our reason to try to appreciate its real size. We can better 
understand tliat it is very hot. Its outer gases, rising and 
sinking in mountains and gulfs of ilanie, but faintly inform 
us as to the inconceivalile heat of the seething fluids within. 
One might freeze within a half-mile (jf the greatest confla- 
gration kindled by man ; but we often screen ourselves from 
the sun's rays at a distance of almost a hundred million 
miles. 

16. The earth is one of the planets. — A faniily of globes 
belongs to the sun, making up the solar system. Here 
belong ]\Iercury and Venus, nearer the sun than we are, and 
Mars, Jupiter, Saturn, Uranus, and Neptune, whose paths 
are outside of ours. Satellites like our moon, and many 
small bodies called asteroids, are in the sun's family, but 
the study of these belongs chiefly to astronomy. Our aver- 

'l7 



18 AN INTRODUCTION TO PHYSICAL GEOGRAPnY 

age distance from the sun is nearly 93,000,000 miles. The 
distance changes somewhat in diil'erent parts of the year, 
and in dilferent periods of time. We shall understand our 
own planet better if we remember that all the others like- 
wise have a turning motion, like a top, and all follow paths 
around the central sun. 

IG. The sun warms and lights the earth. — It is hardly too 
much to say that the warming of the earth by the sun is 
more important than all other facts of geography taken 
together. AVitliout this supply of heat the oceans would 
become ice, and all lands would be frost-bound, save where 
volcanoes are at work. There could be no life on the earth, 
no clouds, rain, or snow. Without rivers or glaciers, without 
variation of temperature, and without life, no changes cotild 
come over the forms of the land. Here would be a dark 
world also. With no sun, no reflected light from the moon, 
and no clouds, perpetual night would lie relieved imly liy 
the faint light of the fixed stars. Even on a warm earth 
no life of high order could exist without light. So dei^end- 
ent are we on the sun that we might almost say that our 
whole study of Physical (ieogra.phy is a search for the conse- 
quences that flow from our relation to the sun. 

17. The earth turns around at a uniform rate. — The time 
for a complete turn we call a day, and for convenience we 
divide it into twenty-four parts and call them hours. The 
turning is always about one line, as with a toji, and we im- 
agine such aline passing through the center of the earth 
and call it the Axis. The points where this line reai'hes 
the surface we call the north and the south poles. The 
spinning motion of the earth is comnumly knoAvn as its 
Rotatioii. A top always runs down. The earth turns with 
but sliglit loss of speed from age to age. The rubbint;- or 
friction of the top against tlie floor and against the atnios- 
plere brings it to rest. The earth (of which the air is 
only a. part) requires no mechanical suppcirt, and swings 
free in relatively empty space. The friction is almost 
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nothing, and it goes on with the impulse given to it at its 
beginning. 

18. The turning earth swings around the sun. — The time 
for a complete swing we cull a. year. While tlie earth is 
making one swing, ea.cli pai't of it is turned toward tlie 
sun about 305 times ; hence 
we say that a year is made 
up of so many days. From 
earliest ages men have thus 
marked the greater and 
lesser divisions of time, 
The natural day and natu- 
ral year could be apjire- 
ciated and used long before 
the earth's movements were 
known as their cause. It is 
common to call this motion 
of the earth its Revolution. 
The path which the earth 
thus takes each year is 
known as its Orbit. It is almost a circle, but is in fact an 
illipse (see Fig. 12). The sun is at one focus of the elliptic 
orljit, about 1,500,000 miles from the center. It results 
from this that we are about 3,000,000 miles nearer the sun 
on January 2 than we are six months from that time. The 
imaginary plane in which the earth's yearly path lies is the 
plane of its orbit, and is also called the Plane of the Ecliii- 
tic. To understand this statement it is well to think of the 
phme as a perfectly flat surface of great extent, and of the 
orbit as a curve marked ui^on it. If a boat sails around an 
island, the water-surface represents the plane in which it 
travels. When the book is so held that this page is flat, the 
surface of the paper is the plane of the ellipse in Fig. 12. 

On the equator a man is carried through about 25,000 
miles a day by reason of the earth's rotation. Around the 
sun he travels nearly 600,000,000 miles in a year. He does 



Fig. 12.— The I'llilitic oiliit of the earth atul 
its two fnei. The ci'iitei- is uiidwa}' Ije- 
tweoil tile loci. The ,^Llll l^eillg at. A', 
(he .SH'ilit;iiiu earth is ill, 500,000 miles 
distant at /' (pcrihelinio and 94,600,000 
miles distant, at .X (aphelion). 
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not feel either motion because all his surroundings, in- 
cluding tlie atmosphere, go with him. We have a similar 
unconsciousness when we forget the motion of a swift, 
smoothly running train until we look througli tlie window. 
19. The axis of the earth is not perpendicular to the plane 
of its orbit. — If it were, the equator would lie in tlie plane 
of the orbit, or, in other words, the plane of the equator 




:^^^ 



-\ -^ 



Fig. 13.— Diagram to .^tiow tlie attitude of tlic cartti witli reference to tlie plane of 

it.s orbit. 

would coincide with tlie plane of the orbit. But in fact 
the axis is inclined 23^1° from the perpendicular position, so 
that the equtitor lies half above and half below the orbital 
plane (see Fig. 13). Inclining thus, tlie axis of the earth 
points toward the pole-star at the nortli. Although the 
earth swings in its orbit between positions nearl}' 200,000,000 
miles apart, the star is so enormously remote that it ever 
seems in range with tlie axis. 

20. The turning of the earth causes day and night.— "\Te 
have seen what ari> tlie motions of tlie eartli, ;ind its posi- 
tion in these motions. These are especially matters of 
astronomy, but we are now to see what are the geographic 
consequences. The first and simplest is named here. A 
distant liglit can shine on but half of a sphere at one time. 
If the spherical earth were statidiiary in reference to the 
sun's light, day would be ^lerpetual on iine side and night 
on the other. We m;iv a<ld that the heat would make life 
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impossible on the one side, cold would prevent life on the 
other, ;ind only a narrow zone might be habitable. The ro- 
tation of the earth brings different parts in succes,sion into 
the light and heat, and the regularity of the rotation gives 
us a uniform suceession of days a7id nights. 

2\. The tipping of the axis and the yearly revolution of 
the earth cause the days and nights to become longer and 
shorter. — This will be best understood by studying the 
earth in several piisitions in its yearly path. Let us first 
take tile point at wliieh the north pole and the northern 
hemisphere in general are turned toward the sun (Fig. 14), 
the point occupied by the earth about Juiu' ."21. As the 
axis leans over to the extent of 23t}°, the sun's rays reach 
to II, 2o^-° Ijeyond the north pole. Because the sun shines 
across the pole so far, we place there what we call the arctic 
circle, and all points within it have constant day for a short 




Fio. 14. — Relation <>f tlu- earth t(i tbe :^tiirs lavs nn .June 21. 'I'lic arrow near the 
er|uafor points in tlie direction ol rotation. 

time, while the earth is in that part of its yearly journey. 
(Fig. 14 should be con.stantly consulted.) If one stands at 
a at twelve o'clock of our night he will then see the "niid- 
niglit sun" on the horizon as he looks toward the pole. 
In twelve hours ho will be at b, and will see the sun in the 
south, 47° alcove the horizon, or more than half-way to the 
zenith, the point directly above liim. 
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Let us next consider c, some jwint in the north temper- 
ate hititudes. One who luis that position at midnight will 
be at (1 twelye hours later. He will have passed out of the 
shadow and into the light at e, less than half-way from c to 
d, and his day will therefore be longer than his night. It 
is for this reason that our longest days and shortest nights 
are in the latter part of June. Sunrise occurs at e, and it is 
noon at d. At noon the sun appears in the south, but al- 
most up to the zenith. Standing at e, and looking in the 
direction of the sun's rays, we see that the rising sun will 
appear much to the north of east. 

Let us now change to a position in which the sun is 
exactly overhead at noon. We find it at /, 23^^° north of 
the equator. Here we draw the line which we call the 
tropic of Cancer. Xorth of it the midday sun always ap- 
pears in the south, but less and less so as we approach the 
line. At the equator it is plain that the sun shines half 
around the earth, and day and night are each twelve hours 
long. A\'e can understand from our figure that the day 
about June 21 varies from twelve hours at the equator 
to twenty-four at the arctic circle. 

If we turn to the southern hemisphere we find the op- 
posite conditions prevailing. At g on the antarctic circle 
the sun is seen in the north, on the horizon, once in 24 
hours. AVithin the circle night reigns for the time. In 
the south temperate zone i marks sunrise and //, noon. The 
sun shines less than half-way around the earth, hence the 
days are short and the nights are long. The sun is in the 
north, and is low in the sky, even at noon. 

The student should remember that the account above 
given is wholly true only for a short time aboiit June 21. 
He should also take a globe, or any ball marked like Fig. 
14 or Fig. 10, and a lamp, and observe for himself. The 
descriptions of the text-book can not supply clear ideas 
unless careful study is also given. 

In six months the earth will have moved to the opposite 
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point in its orbit (December 22 in Fig. l(i). Its position 
in reference to the sun"s rays is now shown in Fig. ]5. The 
north pole and northern hemisphere are turned away from the 
sun. The time is about December 22. It is night within 




tion of i\w (.\irtii to the siiii'y rjiys on December 23. 



the arctic circle, and an observer on the circle, 7, will see 
the sun on the southern horizon for a few moments in each 
twenty-four hours. In the temperate zone less than half the 
circuit of the earth is lighted at one time by the sun ; hence 
the days are short and the niglits are long. An observer at 
^' sees the sun at noon low in the south, and when he comes 
around to sunset, 3, it appears to go down much to the 
soutli of west. At the equator the sun at noon, looking 
from 4, is still in the south, but day and night are equal in 
length. The noon sun is seen in the south as far south as 
the tropic of Ca2)ricor]i, but there it appears overhead, and 
south of that liTie it is in the north. We now find long 
days in the south temperate zone, aiul constant day, for a 
short time, within the antarctic circle, for the sun now 
shines 23 o° past the south pole. 

If we could, about Decemlier 22, pass swiftly from the 
north to the south pole, we should begin our journey in a 
land of continuing night, passing to days varying from a 
few moments at the arctic circle to twelve hours at the 
equator, and thence to continuing day about the south jDole. 
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In December and June, therefore, the conditions of day 
and night are exactly opposite in the nortliern and southern 
hemispheres. The polar circles mark the limits to which 
the sun shines alternately across the poles, and the tropics 
mark the north and south bounds of the equatorial belt in 
which the sun may be seen directly overhead. 




I'lG. 11'-,— Illnniination of (he rartli in twt-lve positions, corrcsjionding to months. 
Tlio noTtli ]]o]<' is tiirnt'il toward ns. 

Tlie student sliould consult agtiin Vig. 10. We are 
now looking along ;i line vcrtictd to the pltuic of the earth's 
orljit. We see the position of our glo])e mi June 31 and 
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December 23, as above described. Three months away, or 
one-fourth the distance about the orbit, in eitlier direction, 
we see the earth as it is March 21 or September 23. .Just 
lialf of the wliole eartli is liglited at once as before, but tlie 
light always shines to both poles, and not beyond. Thus, 
wliether one stood at the arctic circle or in the temjjerate 
zone, or at the tropic of Cancer, or on the equator, day and 
night would each last twelve hours. Hence these positions in 
the earth's path are the equinoxes, or points of equal nights 
and days. These four positions of the earth should be well 
understood, and then we can appreciate the fact that the days 
grow longer and the nights shorter in the northern hemi- 
sphere from December until .June, and the reverse changes 
go on from .Tune until December. 

22. The changes of the seasons also are due to the inclina- 
tion of the axis and the earth's revolution about the sun. — 
^Vlien the days are loiig and the sun rides high in the skjr, 
more heat falls on the surface than when the days are 
short. The air is warm, the soil is warm, the clouds send 
down rain rather than snow, plants thrive, migratory birds 
fly north, and we call the time summer. It is then winter 
in the southern hemisphere. Six months from that time 
the days are short, the sun rides low, less heat is received, 
the air is cool, the clouds drop snow, and we call the time 
winter. The intermediate conditions of spring and au- 
tumn fall in the times of more equal days and nights. 

23. Zones of climate. — When the sun is low in the sky, its 
slanting rays give us less heat than wdien it is high. This 
is illustrated by the cooling of the afternoon as the sun 
descends, and it has much to do with the great zones of 
climate. In the arctic and antarctic regions the sun's rays 
always come slanting to the surface, and warm it little. 
Xear the equator they are always high, and warm the sur- 
face much. Between the two they change from high in 
summer to Iom- in winter, and warm the land and sea mod- 
erately. Hence we speak of tomjjerate zones. If the axis 
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did not tip, diiys and nights wonld ulways l)e equal on all 
parts of the earth. The noonday sun would then be always 
at the zenith at the equator, always on the horizon at the 
poles, and always at a moderate eleyation in the middle 
regions of north and south. The familiar cliange of 
seasons would not exist, and the extremes of heat and 
cold l)etween the equator and the poles would be greater 
than now. We shall see, however, as we go on, how the 
climate of a region depends on many things besides its 
latitude. 

24. Time. — We have seen that the rotation of the earth 
gives a short natural measui-e which we call a day. And tlie 
succession of the seasons, with the passage of the sun be- 
tween positions high and low, gives the longer measure 
which we call the year. 

It is plain that when noon has come at a given point, 
say at Washington, it is afternoon for all places east, and 
before noon in all places west. In other words, each place 
has its local time. Ivoon reaches Washington forty-three 
minutes earlier than Chicago, and more than three hours 
earlier than San Francisco. For each fifteen degrees of 
longitude there is a diiference of one hour in local time. If 
time were kept only by stationary clocks, these dilferences 
would cause no practical inconvenience, and in fact they 
received little attention so long as journeys were rare and 
slow; but with the general carrying of watches and witli 
great increase of travel they became a source of much an- 
noyance and diificulty. Each railway company set all its 
clocks and watches to correspond to local time at some one 
station and there was a difEerenco between local time and 
"railroad time " at every other station. To escape such 
confusion the system of Standard Time was adopted. Un- 
der that system the country is divided into uortli and south 
belts fifteen degrees broad, and all parts of each belt use 
the time which is local for places on tlic central meridian 
of the belt. The times in two adjacent belts differ by just 
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one hour. In the following list of stundanl time districts 
the degrees mark west longitude : 

Iiiteivuluiiial 52.5' to 67.5". 

Eastci-D C7.5 to 82.5°. 

(Viilnil S2.5° to 97.5°. 

Mountain 1)7.5° to 113.5°. 

Pa.-ifio 112.5" to 127.5\ 

2.5. Summary. — The earth is one of a family of planets, 
each pursuing a nearly circtrlar path about the sun. Being 
very small as compared with its distance from the sun, it 
receives bttt the smallest fractious of the suu's light and 
heat, hut these are all-important to the earth, and make its 
life possible. The rotation of the earth causes day and 
night. The inclination of the axis, comluned with the an- 
nual revoltrtion, causes the changes in the length of day 
and night, and the succession of the seasons. Tliese changes 
alternate between the northern and southern heniis}>heres. 
Our measures for duration, or the passage of time, are 
found in the periods required for the two great movements 
of the earth. 



CHAPTEE III 

RIVERS 

26. Terms. — We begin our study of rivers by looking at 
a narrow valley. We often call such a valley a Gorge, re- 
ferring to its depth, or throat-like form ; or a Eavine, a 
word wliioli means a narrow passage worn by swift waters. 
A (Jully is a small ravine, like a deep ditch; Canyon is 
commonly used of great gorges in the western L'uited 
States ; while Gulch is a name often given to gorges 
in western mining regions. Glen, Dale, and Dell are 
somewhat poetic words for small valleys secluded among 
hills. 

27. A gorge. — Let us choose any gorge, large or small, 
which we know best, and enter it. Xo two will Ije alike, 
yet some of the same things will be seen in all. It may be 
50, 100, 300, or 500 feet deep. If we are among the west- 
ern mountains and plateaus there will be some greater 
gorges, even to a mile in depth. The gorge may have ver- 
tical walls on either hand. If so, we shall nearly always 
find the solid rocks exposed, and these rocks often con- 
sist of layers or Ijeds. The beds vary in thickness from 
an inch or two to several feet, and often some are harder 
tl\an others. In this case they will stand in relief, while 
the soft beds are crumbling away. If the rocks are not 
much decayed, they often sliow even faces of considcrabk^ 
size, standing up like a wall of masonry in wliicli each 
block lias Ijecn smoothly dressed. Such faces are caused 
by straight cracks or ]iartings in the rocks called joints, 
and when the rocks lie in horizontal beds, the joints are 
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about vertical. They make it possible for gorges to have 
perpendicular cliffs (see Fig. 17). 

Two sets of joints commonly cut each other nearly at 
a right angle, hence it is that niches and buttresses in great 
variety often develop 
along the sides of a 
gorge. 

But the walls are not 
usually vertical from 
bottom to top. AVe may 
often climb over a slope 
of waste that has fall- 
en from above. Such a 
slope of waste is called 
a Talus, because in form 
it resembles the ankle. 
It may consist of fine, 
sliding fragments not 
yielding secure footing ; 
or we may find a rough 
but solid path over 
large blocks of rock. 
Whether the talirs be 
steep or not, and wheth- 
er it be of fine or coarse 
material, will dej)end on 
the nature of the rocks 
in which the gorge is 

cut. Eising from the top of the talus is often a vertical 
cliff, at the foot of which one may pick his way for a long 
distance without finding a path to the top. 

Most gorges have more or less sloping sides. This is 
partly due to the talus, as already described. It is also 
caused by the crumbling of the r;pper walls, as blocks of 
rock are wedged off by frosts or pushed down by the 
growing roots of trees, which in such places thrust fheni- 
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-CrorgL of Temple Creek, Uluh. The 
at left is a joint plane ; other joints 

divide the distant cliff into vertical slabs. 

The creek is now small and doing little 

work, bnt in flood time it has rolled even 

the great houldcr at the right. 




Via. 18^-Canyon of tin- YdlowstuM, a V-go,-o, .honing cra.^s 
30 - fa „ 



and talus slope, 



RIVERS 31 

selves into cracks and apply great pressure. A gorge with 
evenly sloping sides is often called V-sliaped, and the V is 
narrow or broad, according to the amount of wasting 
which has taken place. 

A gorge may have in general the V form, but show some 
irregularities. It a hard layer of rock ten feet thick lies 
between softer beds it will stand out and form a small 
cliffc' on the slope. Thus we may have short slopes alter- 
nating with low clitfs on the sides of the gorge. The 
clitEs mark the hard beds, and the slopes are formed of 
waste veneering the edges of the soft beds (Fig. 6i and 
frontispiece). 

If the gorge is excavated in softer material, such as clay 
or sand, we may find very smooth and symmetrical slopes 
perfectly illustrating the V form. Such slojies show in- 
clinations of 30° to 40° with the horizon. 

A multitude of small gorges can receive no notice here, 
but are of local interest and of value to students of geogra- 
phy. As examples of great gorges in the East we may name 
the Kanawha, the Hudson in tlie Highlands, the Deerfield, 
and the Saguenay. Here may be mentioned also the short 
gorges or " water gajos " of the Delaware at (Strondsbnrg, 
the Susquehanna at liarrisburg, and the Potomac at Har- 
pers Ferry. All these are flaring and of considerable 
age. The Xiagara, tlie Mississippi at Minneapolis, Ausable 
Chasm, and Watkins Glen are examples of younger, steep- 
walled gorges. The Yellowstone, the Royal Gorge of the 
Arkansas, the Black Canyon of the Gunnison, and the 
Grand Canyon of the Colorado, are examples of the pro- 
found river gorges of the western United States. 

38. The stream. — Along the bottom of every gorge is a 
stream channel. In it may flow a great river or a brook or 
only a temporary torrent. The stream is there because the 
slop)es of the land guide the water that way, and the stream 
may thus be said to exist on account of the channel. But 
in an equally important way the gorge exists because of 
4 
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the stream, for the stream is in fact the maker of the 
gorge and is still at work on it, deepening and enlarging. 
Let ns look at the stream. We shall often find it a roaring 
torrent in April and May, and only a rivulet making its 
way among the stones in August or Septemher. In many 
ravines the bed is dry during the summer mouths, except 
after a heavy shower or long rain. Then the water quickly 
gathers from the fields and rolls yellow and muddy where 
just before a dry path led up over the pebbles of the stream 
bed. This suggests that during the breaking up of the 
spring, and after the heavy )-ains of summer and autumn, 
the stream does most of its carrying work. 

Let us examine the bed of the stream. We shall often 
find a floor of rock. If the stream shows such a floor, 
we may know that it is effectively carrying away the 
waste which is supplied uji-stream by the breaking up of 
rocks. The flood current is so swift and strong in volume 
that little rocky rubbish can rest in its jjath. This also 
means that the rocks of the stream bed are exposed to 
wear whenever the current is strong. They are filed down 
by the sand and pebbles that sweep across them. Their 
surfaces are dissolved and the fine matter is borne away. 
Flakes and blocks of the rock loosen by frost in winter, and 
are hurried ofl: by the floods of spring. Thus the gorge is 
growing deeper by the wearing of its floor. 

But on either hand will often lie banks of waste at the 
foot of the cliffs. These will be more or less attacked, ac- 
cording to the power of the stream. And at some points 
of less slope the bed of the stream will be covered with 
shingle, or coajse, rough waste. And in some still pools, 
sand and mud will gather, until the down-stream rim of the 
little basin is cut away. Thus the bed will be protected at 
some points and subject to wear at others. Depressions 
are gradually filled, jutting ledges are worn away, and the 
bed of the stream gains a smooth grade. 

If we find the floor of the stream covered with waste. 









Fig. 19.— a small river at low stage. The water is clear. The shore at tlie bend 
shows bed-rock, but the river bottom near by is covered by loose blocks (boul- 
ders) which have been rounded by rolling. 
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this means tliat tlie crnmljlod rock}' matter is supplied 
faster than the stream can carry it away. Tlius a river or 
brooli may be overloaded — that is, so eharg'ed with kind 
waste that instead of fihng the rocky eliannel, it casts down 
a protecting hhinket of mud and stones u])on it. Tliis, 
however, does not hajajDen so often in gorges as along the 
bottoms of open valleys where the flow is less swift. 




i'lG. so.— Ice-jaiu, Kfd Elver, Manitoba. 

The student should see that some of the stones in the 
stream bed are angular, and some have tlie corners re- 
duced, or are well worn and rounded. These dilferences 
depend on the varying distance along which the cur- 
rent has pushed and rulibed the fragments. All the finer 
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rock flour thus made has been easily swe})t ddwii the 
stream and is resting in tlie banks, or has been carried out 
and spread over the floor of the sea. 

These are the ways in which a stream works on the bed 
of its cliaunel : liy — 

1. Filing with sand and pebbles. 

2. The dissolving of rock l;)y the water. 

'■'). Ice-push of blocks of rock in the spring. 

4. The heaving of blocks by water freezing in cracks. 

And also, as a carrier, it removes the rock chijis its tools 
have loosened. Little by little, year by year, century by 
century, it works away, grinding and sawing its bed and 
making the gorge deeper. 

The widening of the gorge or valley, due jiartly to the 
stream and partly to weathering, will lie described in later 
sections. 

"JO. Sources of the water. — Having studied the gorge 
and the work of tlie ^vater flowing in it, let us incjnire tor 
the sources of the water. It all comes at flrst from the 
sea, or in less degree from lakes and rivers, Ijy evapora- 
tion, by the formation of clouds and the fall of rain. On 
all land surfaces the water tends to gather, to flow along 
the lines of greatest slope, to form rills at first and then 
larger streams. As soon as a stream of any size has formcil 
on a sloping surface, gorge-making begins. But rain- 
water does not all flow directly into surface streams. ]Much 
of it soaks into the soil and often deep into the rocks, and 
comes out in the form of springs. The jonrney under- 
ground may cover a few rods or many miles, (ireat cav- 
erns may be made by solution and 1)y wear of the waters, and 
sj^rings of great volume, even to thousands of gallons per 
minute, may boil up at the surface and set in motion a 
large surface stream at once. 

In regions of cold winters much water lies on the sur- 
face as snow until the coming of spring, and then melts 
quickly, and thus floods are larger and more valley-makiug 
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is aocomjjlished than would be jjossible if the water fell as 
rain and ran freely away after each storm. 

As we have just seen, only a part of the falling rain 
runs directly away. If the soils and rocks are porous, or 
the surface is flat, or the air very dr}', less runs away 
than if the rocks are hard, the surfaces steep, and the air 
moist. Hence it is that the percentage of '' ruu-ofl: " to the 
entire amount of rain varies from one-third or two-fiifths in 
New England to one-quarter in the Mississippi valley, and 
much less in the dry regions of the world. 

30. Eiver basins. — The amount of water forming a given 
stream also depends on the size of the Basin. The basin 
of a river includes all the land surface which inclines toward 
it, and whose surplus waters enter the ocean or trunk stream 
by it. A river, then, in the true sense includes all its branches 
however small, and a river system is a tree-like group of 
streams reacliing down to the ocean by one trunk. 

31. Divides. — Tlie boundary between the basins of two 
adjoining streams or stream systems is called a Divide, lie- 
cause the water falling as rain is there divided, part of it 
going to one stream and part to the otlier. A divide is the 
higher land forming the watershed or water-parting be- 
tween two river basins. It may follow the crest of a ridge, 
high or low, or it may traverse a plain so level that its 
course is uncertain or even variable. The very flat region 
at the head of the Illinois and Chicago rivers, now crossed 
l)y the Drainage Canal, illustrates the flexible meaning of 
the word divide. The streams tliat enter Lake Ontario 
from New York are not separated from the Susquehanna 
and Allegliany l)y a ridge, but there is an interlocking sys- 
tem of head-waters, in which the local divides are some- 
times hill ridges, and sometimes flat and swampy areas in 
valleys. It is stated that small steamers may, in liigh wa- 
ter, pass lietween the Mississippi and the Eed Eiver of the 
North. In higli mountain regions wliere the divide is usu- 
ally a sharp edge, it is rarely straight for any distance, but 











Fio. xll— Cascaclr, due to joints iinil Ijrildiii!,' |ilain;s. Fall frrck, iirar Itliaca, N. Y. 
]ii tlir roiTL,n'oiiiiiI is a pot-liolo wljosc walls lia\c b'-'cn Jiarllv lirokcii away, tsue 
pages :iM and -It, 
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full of sharp curves and zigzags. As there are divides sep- 
arating river systems, so there are subordinate divides be- 
tween different branches of the same system. 

32. Waterfalls and rapids.— These are common in gorges. 
A series of falls with alternating rapids will often be found. 

Water pouring over sin- 
gle beds or steps of the 
rock forms low falls. 
Strong rapids occur in 
the Grand Canyon of the 
Colorado, opposite the 
mouths of tributaries. 
These side-streams have 
brought great boulders 
down their steep torrent 
beds, and heaped them 
in the main channel as 
barriers over which the 
trunk river plunges. 

Falls of considerable 
height are formed in 
various ways. If well- 
developied joints cross 
the track of the stream, 
the blocks wear away 
up-stream to a given joint, which maintains a wall over 
which the water descends. With several joint planes 
and the planes of bedding, a stairway is often made over 
which the water cascades to the bottom. If softer beds 
of rock are capped by a hard layer, the decay of the soft 
beds and the blows given them by the falling water cut 
them back and leave the hard sheet projecting over them, 
thus giving the waters a single plunge to the l)ottom. 
This is the way in which Kiagara is formed. There the 
rocks are nearly horizontal. The falls arc aliout IGO feet 
in height. Sixty feet or more of the upper rocks are hard. 




Fig. 22. — A limestone boulder in tlie bed of 
the Colorado at a rapid. During Hoods 
sand is swept over it (from right to left), 
grinding and carving it. 




FiQ. 23. — A ^vatc-rfall near Gadsden. Ala. A strong layer of sandsl ijl ti l^ like i 
cornice because the soft shale beneath has been eaten away. The fallen blocks are 
angular because not rolled by the stream. The deep holloH- under the fall contains a 
pool of still water. The stream i.« now .5niall. In tloorl it spreads over the biu-e rock 
to the edge of the forest, and plunges with great force to the bottom of the pool. 
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thick beds of limestone. For the most part, the rocks below 
these are shales or hardened muds. These wear back, as 
shown in the diagram (Fig. ^6). As the foundation is re- 
moved, great blocks of 
the hard, capping rock 
fall down. Thus the form 
of the falls changes, and 
they are receding — that 
is, the gorge is growing 
longer at the south end, 
as the falls slowly move 
up the river toward Buf- 
falo. The rate of reces- 
sion is four to five feet 
j)er year. In such a fall 
the water strikes the bot- 
tom with great force, and 
tears or wears the rock. 
Hence a pool is formed. 

At the base of the Horseshoe Fall the water is about 200 
feet deep. At the base of some small falls in Watkins Glen, 
fine, well-like pools, six to ten feet deeji, with vertical rock 
walls, are seen. These smaller pits in stream beds are known 
as pot-holes, and may be found in the rocky floor of almost 
any swift stream. They vary in diameter from a few inches 
to several feet, and, if large, may be 20 feet deep or more. 
They are drilled down by pebJiles or larger stones whirled 
by the dasliing and rushing waters (Figs. 21 and 108). 

Over the sides of ravines small waterfalls are often found. 
This means that the main stream has sunk its channel more 
rapidly and deeply than the side-stream. Where the Co- 
lumbia Kiver has ojiened a gorge through the Cascade range 
the valleys of two creeks end high on the wall, and their 
leaping waters break into spray like the Bridal Veil Fall 
of the Yosemite. The Latourelle is 260 feet higli and the 
Multnomah 600. 



Fig. 25. — Diagram showini,' the ajijioaraiice of 
rocks and stream if a deep cnlriiig (section) 
were made at Niai^'ara Falls. l']ipi'r lime- 
stone [dioiit till I'eet tllirl<. Watia' Ijelow tile 
fall. 200 feet deep. Bimlders, luiidjled about 
by ttie water, help to wear the shale. 
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While waterfalls are most numerous along small streams 
and in the lesser gorges, we see in the case of Xiagara 
that great streams may fall. The Mississippi at Minne- 
apolis forms the Falls of St. Anthony. Here also the cap- 
ping rock is limestone, but thinner than at Xiagara. Sho- 
shone Fall in Idaho is similar in origin, but in this case the 
hard bed over which the Snake River plunges is a horizon- 
tal sheet of cooled lava. 

33. Man's use of waterfalls. — Where a stream descends 
quickly, it is possible to divert it from its bed, carry it a 
short distance in a canal or flume, and use it to turn the 
wheels of shopis and factories ; and the sites of waterfalls 
are especially favorable for such utilization. The primi- 
tive grist-mill and sawmill are followed by larger under- 
takings, and towns and cities grow where nature offers 
power to help) man's work. It was about mill-wheels that 
Lowell and Lawrence, Fall Eiver and Holyoke grew in 
New England, Rochester in Xew York, and Minneapolis in 
Minnesota. The power of Trenton Falls is used in L'tica ; 
a thread of Niagara's great volume turns wheels of neigh- 
boring shops and lights the streets of Bufialo, and the swift 
streams of the Southern App)alachians are harnessed to do 
the work of man. On the border of the campus of Cornell 
University a waterfall in a deep gorge has been put to use 
by the building of a unique structure, a hydraulic labora- 
tory, in which all the prol)lems arising from the use of 
water for power may be sulijected to experiment and exact 
study. Thus the force of the earth is linked to the thought 
and enterprise of man. 

34. Alluvial fans or cones. — Where a gorge passes into 
an open valley one often finds a gathering of land waste hav- 
ing the form of a fan, witli the apex pointing up the side 
valley. From the apex toward the border, the slope may 
be gentle or quite sharp. If the grade in the side gorge is 
steep, the swift waters will In-ing mit coarse, bouldery 
waste and drop it suddenly, making a steep fan. If the 
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grade is less, finer material will come down and be carried 
fartlier out on the lloor of the trunk valley, giving a wide 
fan of small slope. The stream flows sometimes along one 
radius of the fan and sometimes on another, thus building 
up all parts in succession. Such a body of waste forms a 
more or less perfect segment of a low cone ; hence the 
term Alluvial Cone is often used. In a mountain land 







Fig. JG.— -Vn allnvial cone. Near Great Salt Lake, TTtali. 

like Switzerhmd such cones arc common and large, and a 
thrifty people, desiring every possible acre of land for till- 
age, confine the lawless torrent in a single channel of ma- 
sonry. Thus they " rectify " the stream, clear away the 
bonlders, and gather good harvests from what seems for- 
bidrling ground. 

3.5. Development of a valley. — Let us now recall the fact 
that of the gorges of V-shape some are more open than 
others. The upper slopes of sirch gorges are often well 
rounded. As time goes on, much rock weathers away on 
the sides of the valley, and steadily slips down toward the 
stream and is carried away. Thus by degrees the gorge be- 
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comes an open valley. It is profitable to picture to onr- 
selves such growth of a wide valley oat of a narrow, steep- 
walled gorge. And it is well in our walks and travels to 




I'rofiles across a valley at different stages of development. 



watch for valleys which are neither very narrow nor very 
wide, hut are in middle stages of growth. 

.30. Open valleys. — As the valley broadens, the slopes of 
the valley sides become gentle. Here and there may be 
steep bluffs of small extent, but the general inclination is 
quite moderate. In field excursions cross profiles of nar- 
row and wide valleys should often be drawn. On the 
sides of open valleys rocky ledges may occur, showing tlitit 
a perfect grade has not been reached. But with time 
enough, such ledges will crumble and a perfect slope of 
soil or coarser waste will appear. 

The river in such a vtiUey commonly flows on a floor of 
waste which it has laid down. Here and there it may 
cross rocky ledges, giving rise to rapids such as are more 
commonly seen in gorges. Aljove each rapid is a stretch 
of nearly still water, giving us tin alternating series of rap- 
ids and " reaches." Hence the " portages " so common in 
canoeing trips, and which form a feature in primitive car- 
riage of goods by water. Many of these portages, as at Little 
Falls and Cohoes on the Mohawk, were early superseded l_iy 
canals. Even if there are no ledges of rock, there are still 
alternations of rapid and i-each ; but these are low-water 
features only. At high stage the forward slope of the 
water surface is nearly even, but there are differences in 
the current, ctiusing bars of waste to form here and tluu'e ; 
and at each of these bars a rapid appears when the flood 
has passed. It is instructive to study a familiar creek wlieu 
its banks tire full, ;ind see how little trace remains of well- 
known deeps and shoiils. 
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A large river may be many feet deep, and is often a half- 
mile or more in width. A few great rivers like the Ama- 
zon show a width of many miles at tlieir seaward ends. 
The stream is bordered by banks varying from a few feet to 
twenty or more in height. These banks are the edges of 
nearly flat grounds which stretch away to the base of the 
valley slopes. These are known as — 

37. Flood-plains. — Commonly the water is confined be- 
tween the banks, but in the spring, or after great rains, the 
stream passes its banks and floods tlie strips of Hat ground 




Fi'j. :i8.— Flou(i-]il;iiii uf the Jauie^ Ki\er, Va. 

on either hand. At such times the river is charged with 
mud, and a layer of this fine material is spread over the 
flooded grounds. Thus when the water retires, it leaves 
them a little higher than before. The deposit consists of 
fine waste, largely derived from soils of the uplands. It 
thus constantly adds to the fertility of the lowlands, which 
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bear rank forests, and when these are cleared yield peren- 
nial harvests. They are easily tilled, and are usually the 
lands first occupied in a new country. Tlieir smooth sur- 
faces offer natural grades for the primitive wagon and stage. 
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FiG. ^9.— .Scene on the Mississippi during a great, flood. Overllt)\ving a le\ee. the 
water tears out a section of it and spreads over the plain. 



as for the railway of later days. If the stream is navigable, 
tlie products of tlie valley may be easily and cheai"ily ex- 
changed for needed articles from distant regions. A large 
share of the population of most countries is found on the 
flood-pliiins of rivers. These strips of low ground, there- 
fore, have great interest to the geograplier. The student 
should examine the atlas sheets of the United States Geo- 
logical Survey for these forms. The Missouri River in 
Missouri will be found to liave ilood-jdains varying from 1^ 
to 8 miles in width. The flood-plains of the Illinois River 
are more than a mile wide at Lasalle (see maji. Fig. 11) 
and Ottawa and are three miles wide at Chillicotlie. That 
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of the Mississippi is G iiiilus wide, near Clinton, Iowa, and 
nii;eli wider tlian tliis in its lower course. Tlie middle 
Rhine exliibits one of the most carefully tilled and thickly 
settled hood-plains of Europe, while Egypt as a hahitahle 
arid jiroduetivc land consists chielly of the flood and delta 
jilains of the ]S'ile. 

Along a large river the flood-plain is higher next the 
stream, hecanse there the waste first lodges in times of over- 
flow, and the plain slopes gently thence to the valley sides. 
Such a strip of higher ground, from its resemblance to a 
dike thrown up to restrain floods, is called a " natural levee." 
It often happens that the outer parts of the plain are flooded 
while long strips of natural levee ajipear between the back 
water and the main channel, and therefore the fanners of a 
great flood-plain build their liouses close to the river. 



feTBO 




Fig. 30.— Scene nn the flood-plain of the Mississippi after a tireal< in the levee. 

.38. Floods. — Since so many people live on flood-plains 
id the most important industries of town and country are 
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often centered there, floods become most destructive, and to 
deal with them is a problem of greatest importance. The 
Genesee, usually a little river, is sometimes two miles wide 
on its flood-grounds in Livingston County, and occuioies, 
once or twice in a generation, streets and stores in Koches- 
ter. The Ohio Eiver, fed by swift streams, rises 50 feet 
above its normal surface at Cincinnati. The Mississipi^i, 
enlarged by the melting snows of the Appalachians and the 
Rocky Mountains, is subject to enormous floods. The great 
flood of 1897 covered 13,000 square miles, and destroyed 
$15,000,000 worth of property. This flood was carefully 
studied, and the ofhciai report upon it, issued by the United 
States Weather Bureau, forms a large volume. The Weather 
Bureau is able in some measure to predict such floods, to 
the saving of much life and property. 

We should not forget, however, that floods are beneficent, 
since river jjlains are made and kept fertile by them. The 
annual flood of the Xile, rising 25 feet at Cairo, enriching 
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and watering the land and supporting millions of people, is 
a conspicuous illustration. The evils of floods are to be 
largely escaped by prediction, by the making of levees, by 
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protecting river-banks against wear, and by avoiding the 
lowest levels in the making of homus. We should not for- 
get to observe that a river which passes through great lakes, 
as the St. Lawrence, has its How equalized, and its lover 
course is thus free from floods. 
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39. Meanders. — Many rivers, as tliey traverse their flood- 
plains, swing to right and left in strong curves. Thus the 
distance from Cairo, 111., to the Gulf of Mexico is al)out 
.500 miles, hut by the river one travels over 1,000 miles. 
The breadth of these swings of tlie Mississippi is from 
3 to G miles. On the outside of the curves there is deep 
water and a steep bank, at which landings are possible 
for steamboats. On the inner side is a sloping beacli pass- 
ing beneath shallow water. The river cuts away the outer 
shore and adds to the other, and thus widens the belt of 
curves or Meanders, as they are called, from a winding river 
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of Asia Elinor. Little l)y little, liowever, the tongue of land 
that reaches into a great bend is narrowed at its base,hy the 
growth of other bends, until at last the neck is cut away, 
and the river track is shortened. By such a " cut-off " of one 
of tlie great Mississippi meanders, the river may be shortened 
at a given point by 15 or 20 miles. The curving channel 
thus abandoned by the current is soon partitioned from the 
river by the growth of a bar- 
rier of waste, and Ijecomes an 
" ox-bow '" lake (Fig. 32). 

The Mississippi has been 
taken as an examj^le, and 
there is advantage in its 
study because its importance 
has caused the making of 
elaborate maps, but the me- 
andering habit is not limited 
to great rivers. It is as per- 
fectly seen in rivers of mod- 
erate size, and in brooks, 
as along the Mississippi or 
Lower Arkansas. The width 
of the swing will depend on 
the size of the stream. It 
may be a few rods for a l>rook 
and miles for a great river. 

■iO. Meanders sunk in a 
plateau. — Fig. .3i shows how 
the Caney Fork has sunk its 
channel into the plateau 
country in eastern Tennessee 
on its way to the Cumberland. Gaining its sinuous course 
on a once smooth surface, it has kept it, as it wears its 
channel down toward the sea-level. The east branch of 
the Susquehanna River in northern Pennsylvania and the 
Osage Eiver in Missouri show the same conditions. 




Confoiii- Intt'ival luu IVct 
Fig. .34. — Map showing bends of Caney 
Fork. The river has made a gorge 
300 to 400 feet deep, but keeps the 
bends it gained as a meandering 
stream on the plain above. 
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A good description of the unstable course of the Missis- 
sippi is found ill Mark Twain's Life on the Mississippi. 
The author describes the feelings of a man who wakes to 
find that the river has changed its course in the night and 
transferred his jdantation from Louisiana to Mississijipi, 
and vivid emphasis is put upon the difficulties of the " cub " 
pilot in learning the river. 

AV'e liave j'et to notice a most important result of tliese 
river swings. Their development not only varies tlie route 
of the water, but carries it sooner or later to all parts of 
the valley floor. Coining to tlie edge of tlie flood-plain, tlio 
river cuts a slice out of the valley slope, now on this side 
and now on that, and thus meandering has much to do with 
making narrow valleys grow wide. The student will not 
need to search long to find lagoon lakes, aliandoned chan- 
nels, and curved bluff's, 
cut by the swinging 
stream from the sides 
of a valley. 

41. River terraces. — 
T\'e have seen that in 
each flood the river 
spreads a film of mud 
over its flood-plain and 
raises its surface. At 
the same time it is often 

Fio. 35.— Cniss-profiica of a valloy at thiTT sinking itS bed. HeilCe 
stages of (lf\'clo|)niciit, lo ^Imw liow- ri\er , . ^ .. 

tcrracrs arc iiia.lr. r, river, a. /,. r. yMr- * time Will COniC whcU 

ccssive lloorl-plains. a''. Ifl, r,>nniMiits of flood-WatCrS will llOt rlsC 
first and second Hood-plain..;. reinainiiiLr as j_i n n i - mi 

terraces. Oil the flood-phuii. They 

will, instead, cut into its 
edges and trim much of it away, and out of this waste and 
that brought from up-stream will form a new flood-ground. 
The remnants of tlie higher, forsaken plain are known as 
Eiver or Alluvial Tcrr:iccs. Several sets of them, at suc(>es- 
sive levels, are seen in tlie valley of the Connecticut and 
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uloug other rivers. They are not often imiiortant in size, 
but may alTord good sites for single homes or parts of 
towns. 

42. Deltas. — Clathering its tribute of land-waste from the 
Ai^palachian and Eocky Mountains, and from the phiteaus 
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Fig. 37.— Delta formed by Chelan Eiver where it enters the Cohimliin, Note the dis- 
tributaries. The white area was overrun by a recent flood which deposited much 
gravel and buried all vegetation. 



and prairies that lie between, the [Mississippi River lavs 
down its burden on the plain of tlie lower valley and at the 
borders of the Gulf of Mexico. Even its finest mud sinks 
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to tlie l)ottom as tlie flowing river unites with tlie standing 
water of tlie sea, and a slioal is thus built up, to become at 




Fig. as.— Delta of the Nile. Note the fan-shape, with the apex at Cairo. The dis- 
tnlmt.irii'p an' many. Capes are built into the sea at the main mouths. There are 
nianj- railways, becau-se the fertile soil supports a larye population. 

last a part of the land. So the river-plain is built higher 
and is also extended southward. The growing plain is 
called a Delta. The river, building its channel al)0ve the 
adjoining land, breaks through its banks at Tarious points 
and discharges part of its water by down-stream branches. 
These are locally called Btiyous, but are more wiilely known 
as Distributaries, a name which distinguishes them from up- 
stream branches or tributtiries. Xot only the land, but the 
sea-bottom, for a long way out, belongs properly to the 
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delta, its materials having come down the river. More 
than 1,000 feet of such de])osits are disclosed by an artesian 
well boring at Xew Orleans. Two great problems are al- 
ways joresented by the Mississijipi delta : To protect the 
lands from flood, wherefore levees are made at great ex- 
pense ; and to keep an open channel for navigation, where- 
fore jetties, or artificial banks, have been built along one of 
the " passes " at the river-mouth, to confine and quicken 
the flow, and thus scour and deepen the channel. 

Other deltas must be more briefly described. The 
Yukon has one of the great deltas of the world, giving 
oil its first distributary 100 miles from the coast. Its delta 
is a Tundra, or phiin that is always frozen below, though 
clothed in summer with grass and flowers (see page 155). 
The delta of the Colorado, though large, is not so evident 
on a map, because it is filling the head of the Gulf of Cali- 
fornia rather than building an extension in the open sea. 
The Xile, the Po, the Tiber, and the Ehone deltas are 
notable examples, and interesting facts about them should 
be sought in encyclopedias and other books of reference. 
The Ganges, Brahmaputra, and Hoang-IIo are enormous 
deltas of the Asiatic sea-border. 

•43. Deltas on lake borders,— It must not be thought 
that all deltas contain hundreds or thousands of square 



Fig. 39.— Section of a delta made of gravel atid sand. 

miles or are built on the borders of the ocean, ilany are 
seen on tlic shores of lakes, and when a swift upland stream 
is there suddenly checked the delta will contain sand, 
gravel, and boulders, aiul thus bo different from the nui- 
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rine delta. Its form will be diiTerent also, and instead of 
the delta snrfaee passing smootlily down to the bottom of 
the water, it will have an abrupt slope in front. When the 
stream, pushing for a little way through the shallow water, 




Fi 4 1 — A[ ni t ir 1 Ita Diirmf*' a nm a pool wa^ tormcd at the foot of l steep 
uli \>L of taith. A rill du^ a luiiiiatiirt gor^c in the irlope and \\a.-hcd tht :\a!?te to 
the poril, where it built a delta. Before the p'nd drifd ;i\vay tile wind made wave- 
lets, Avhich carved a shore terrace abont the i:i\\st' nt the delta. 

reaches the brink, its load will settle and slide down the 
incline, much as teams and wagons make a " fill " in carry- 
ing a road grade across a gorge. The interior structure, if 
we should slice the delta through, would appear as in Fig. 
39. The stream will swing from one line to another, 
building up the delta on different parts of its front, and 
shaping tliat front into a series of lolies. All of these fea- 
tures can be seen in miniatiire after a wayside pool, receiv- 
ing a wet-weather torrent, has dried away (Fig. 40). 

44. Young, mature, and old valleys. — These are impor- 
tant terms in physical geography, and we are now prepared 
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to midei'stand them. They ure useful because they express 
the great fact that the forms of the land arc cluiugiug, or 
having a development which can be traced, somewhat as 
we follow the growth of a j^lant or the history of a town. 
They are used, as we shall see, not only of valleys, but of 
other land forms, as plateaus or mountains. 

A youug valley is narrow, has steep sides, and carries a 
vigorous sti'cam flowing on an uneven floor. The gorges 
already named are illustrations. A mature valley is deep, 
but open also, having flaring sides, and gentle, rounded 
upper slopes. The valley of Seneca Lake is mature, but 
Watkins tilen, entering it, is young. The one was a river 
valley growing deeper and wider long before the Ice Age, 
while the other has been made since the glaciers disap- 
peared. All the great valleys of Xcw York and Pennsyl- 
vania are mature. The Shenandoali of Mrginia and the 
C'onnecti(mt A' alley in ila.ssachusetts illustrate a similar 
degree of growth. 

The Hudson Valley from Glens Falls to Js'ewburg is 13 
to 20 miles wide and is fully mature. Through the High- 
lands it is narrow and steep-walled, and we call it young. 
Here the case is different, however, for one part of the val- 
ley is perliaps as old in time as the other. The open part 
is cut in the soft rooks, which crumble readily away. The 
Highland gorge is cut in liard rocks, and the river's task, 
being slowly done, is less advanced. The gorge of the 
Moliawk at Little Falls, X. Y., is both younger in time and 
is cut in liarder rocks, while the wide parts of the valley, as 
at Htica or Amsterdam, are in soft rocks and are older. 
But this ca,n not be fully explained here. The develop- 
ment of a valley depends thus on the time for wear and 
tlie hardness or resistance of the rocks. 

We have already seen how a narrow valley grows wide 
and a steep-walled valley becomes open. The floor of the 
valley is widened l)y the swing of tlu^ river in gentle curves 
or strong meanders, while the slopes are reduced liy all the 




Kid. 41. — Map of part «it' West Virginia. Scale, 1 inch = Q miles. Conttnir interval, 
KiOlVet. The streame have I'ull iH)s^e.ssinn of the lami ; their gorges penetrate all 
parts of the phitcau. Roafls find hcXier grades along the valleys than on the 
uneven divides. See Sec. 45. 
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processes of deeti}' or weathering, as described in the next 
chapter. At the same time rapids and falls disappear and 
the river comes to tlow on a graded floor. 

As the slopes fade out, the valleys become wide, the 
divides low, and the rivers sluggish, and the whole land sur- 
face passes into old age. The student should try to imag- 
ine the evolution of a. valley from early youth through the 
various stages of uuiturity to ohl age. 

45. The general work of a river system. — Let us picture 
to ourselves an elevated })lain near the sea, and a branch- 
ing river system formed upon it. Where the river descends 
steeply to the sea it will ]>low a gorge. This gorge will 
extend backward, u})-stream, branching where the river 
branches, and its divisions will in time ramify tlironghout 
the river basin. While they are growing at the head- 
waters, the lower gorge will be changed to an open valley, 
and this broadening also will extend gradually up-stream. 
At first there will be remnants of plain between the gorges, 
but these will grow narrow as the gorges grow broad, and 
will finally be replaced by crested hills, which will then 
soften and sink with the flattening of valley slopes. All 
these changes will proceed from the trunk stream toward 
the confines of the basin and at last reach the outer divides 
separating the basin from other liasins. Thus the whole 
plain will be at first furrowed and made rough, and the 
ridges between furrows will be afterward reduced so as to 
lessen the roughness. In a very long time the entire basin 
will he again made a plain, but the final plain will be much 
lower than the original, lieing but little above the level of 
the sea. 

The great fact is, that the level of the land is slowly 
reduced and the waste is carried off to the sea-bottom. 
The uplands of Xew England, or Virginia, are now of mod- 
erate height. They were probal)ly once much higher. 
The Highlands of Scotland are subdued lands. They may 
have towered like the Alps or Andes. Follow the river 
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from the mountains to the sea. See the waste in talus and 
fan, terrace, tlood-plain, and delta. But much of it lias 
gone beyond the shore-line, and spireads far out to sea. 
We shall come to it again in our study of the ocean. 

4(3. Imperfect development of drainage. — If the farmer 
has a swampy field, he ojDens a channel or a network of 
ditches and draws the surplus water awaj^ He may even 
cut across a rim of higher ground if the cost he not too 
great. If human life were longer and he could afford to 
wait, nature would drain the swamp or pond for him. 
Some sti'eam would head into it and carry away the waters. 
So, wherever we see water standing on the land in lake or 
swamp, we must understand that the drainage is still im- 
perfect, that the river system has not yet developed its 
branches in a mature way and taken possession. 

47. Lakes. — These are illustrations of imperfect drain- 
age, and if many are present they stamp a region as having 
a young surface. Lake basins are depressions whicli detain 
the waters from passing directly to the sea. They are 
made in many ways which can not be fully described in an 
elementary book. The greater number are due to the 
glacial invasion and will ])c explained in a later chapter. 
Some, like (Ireat Salt Lake and the Dead Sea, are due to 
beudings or unequal movements of the earth's crust. Small 
lakes sometimes occupy old volcanic craters (Fig. 147). 
Others lie in sink holes (Fig. 71), in regions of great cav- 
erns and the caving in of the surface rocks. Such lakes are 
common in Kentucky. We have seen how cut-offs in river 
valleys form ox-bow lakes. When we study the shores of 
the sea, we shall observe the making of hikes by shutting 
off the waters of deep bays. Alluvial cones at the mouths 
of some Swiss gorges are luiilt across the main valleys, 
crowd the streams to the other side, and dam the waters 
coming from above. Landslips and lava floods blockade 
valleys into which they descend and make small lakes be- 
hind them. 




Fig. 42.— Head of Seneca Lake, New York. Scale, 1 inch = 1 mile. Coiitour interval, 
20 feet,. Callinrine and Watkins Creeks are bringing waste lo lill Liu- lake, and 
have already built the alluvial plain from ]\Iontour Falls l.o \Varkint;. 
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48. Disappearance of lakes. — But we are here most con- 
cerned to see how hikes disappear as drainage becomes 
mature. If the rapids of the St. Lawrence and the rocks 
of the Thousand Islands should be cut away, Lake Ontario 
would be partly drained, but only in part, because about 
400 feet of its depth are below sea-level. But when Kiagara 
has tinisbed its work the tied of Lake Erie will be dry, for 
its lowest i^oint is more than 100 feet above the surface of 
Lake Ontario. This would take a long time, but the process 
is already complete with many small lakes, which once ex- 
isted, but whose bottoms are now meadows. 

This Ijrings us to the second important way in which 
lakes disappear. Streams bring down their load and build 
deltas at the edge and spread the mud over the entire bot- 
tom. Water-loving plants grow about the edges and heljD to 
fill the shallow places. Small shell-making creatures abound 
in some lakes, and their crumbling remains form a white de- 
jiosit of calcium carbonate or shell marl. Trees and leaves 
add their part, and at length the basin is full and the water 
is displaced. The sawing of outlet channels and the filling 
of basins are responsible for 
the disappearance of many 
lakes, and all stages of the 
process can be found by the 
observijig student in the 
'northern United States. 

Tlie vlies, or flat mead- 
ows of the Adirondack region 
in N"ew York, represent filled 
lakes. Ithaca, X. Y., lies 
upon a broad delta formed at 
the head of Cayuga Lake, of 
waste brought in by several 
streams. Watkins occupies 
a similar delta at tlie head of Seneca Lake (Fig. 43). A 
delta is rapidly encroaching on Lake St. Clair (Fig. 4.3) 




Fig. 43.— Delta of the St. Clair Klver. 
Scale, 1 incli = 11 miles. 
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The south end of Lake Lucerne in Switzerland is diminish- 
ing by the growth of a delta on which Fliieleu and Altdorf 
stand. A similar shortening occurs where the Rhine enters 
Lake Constance and tlie Ehone, Lake Geneva. 

49. Swamps. — All marsh lands are marks of imperfect 
drainage, and they often are due to the nearly comj)leted 
filling of lakes. Others occur on flood-plains and deltas, 
and are due to wanderings and irregular deposits of streams. 
Swamps are often caused hy checking of waterflow through 
the growth of trees and shrubs, and they disajipear when 
forests are cut away. Swamps caused by the dams wliich 
beavers construct (Fig. 234) have a similar history. 

60. Imperfect drainage on new lands. — Much of the flat 
ground along our x4_tlantic coast was formerly a part of the 
sea-bottom, and has been turned into land hy the gentle 
rising of the continent. The streams have not had time to 
cover the surface with their head -waters. Hence the rain 
falling on the smooth areas between the streams evaporates, 
or drains ott' slowly underground. The same is true of the 
plains draiiied hy the Maumee and the Eed River of the 
North, except that these formed the beds of lakes and be- 
came land hy the draining ofE of the waters. Compare the 
fully drained land of Fig. 41 with the scattered streams and 
smooth interstream surfaces of Fig. 44. 

51. Arrangement of streams depending on the form of the 
rocks. — In northwestern Pennsylvania the rivers branch 
more and more as one goes toward the head-waters, just as 
boughs and twigs branch from the main limbs of a t}'ee. 
The rocks there lie in nearly horizontal beds, and do not 
influence the ground plan of the streams. But in central 
Pennsylvania, where the bi'ds are tilted and the country is 
traversed by alternating l)elts of strong and weak rocks, the 
arrangement of streams is different, ^'alleys have been 
opened in the lielts of weak rocks, leaving the strong rocks 
prominent as mountain ridges. A few large trunk streams, 
like the Susquehanna and Lehigh Rivers, cross or cut through 




Fig. 44.— Part of Virginia, bordering the Potomac River. Scale, 1 inch = 1 mile. 
Contour interval, 20 feet. Streams are developing their valleys by eating back- 
ward into the land, but tracts of the original plain remain. Roads find easy grades 
on the divides. See Sec. 50. 
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the ridges without swerving, 1jut most streams run panillel 
to them, folhjwing the belts of weak rock. It is common 
for a small stream flowing along a valley between two 
ridges to turn and pass by a " water-gap " through one of 
them. If a sketch map of the drainage be traced, to avoid 




Fig. 45. — Dflawaro Water-Gap. A loi)i,Mnountain vid'^v is liero (li\iil(d from to]) to 
base by u imtrii, through \vhicli tlu- Delawaie J(i\cr Hows. Uad iiof, rlie M\i.r 
sawt'd out this iiotrti, the niouiitaiu would coutiiuu'. uitli f-\LUl huigiit, arrows tlic 
view. 

the confusion of other natural or political features of ;i map, 
the streams will form a network (.)f rude right angles, and 
hence such drainage is often called Eectangular or Trel- 
lised, from its close resemblance to a grape-vine trained in 
that manner. The student should contrast the tree-pattern 
and trellis-pattern of drainage as seen in Figs. 40 and 47. 

52. Drainage modified by rising and sinking of the lands. 
— It is well known that lands are sometimes higher and 
sometimes lower in relation to sea-level. Thus the geolo- 
gists of iS'ew Jersey have found stumps of trees sul)merged 
in sea-water. Corduroy roads made in early days have also 
been covered, and the salt water comes farther into the 
mouths of streams than in former yeai's. They have tliere- 
fore concluded that the coast is slowly sinking; the rate 
6 
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is about two feet in 100 years. Tliere is another proof that 
the Athiutic coastal region has gone down. If the student 
will look at the map of Chesapeake Bay (Fig. 47) he will 
see that its ground-plan comprises a trunk with numerous 
branches. It is like a river system, except that trunk and 
branches are comparatively stout. If we imagine a stream 
system carving valleys at the sea-border^ and then j)icture 
the sea-border as sinking so that the salt waters flow into 
the main valley and its tributaries, we shall get such a jAan 
as Chesapeake Bay shows. This is the real history of the 
region. When the land stood higher the Susquelumna 

Eivcr flowed to the edge 
of the ocean, and the Po- 
tomac aiul .James were 
its branches. AVhen the 
sinking of the land ad- 
mitted the waters of the 
ocean the rivers all be- 
came tributary to Chesa- 
peake Bay. Delaware 
J5ay and Alliemarle and 
Pandico Sounds have 
the same origin. Geog- 
raphers often speak of 
the " drowning " of river 
valleys by subsidence. 

If, on the other hand, 
the land were to rise out 
of the sea, the edge of 
the sea -bed would be 
added to the land, and 
the rivers would flow 
out across the new land 
to the receding sea-bor- 
der. As the laiul came np, the rivers would have to de- 
scend more to reach the sea. By reason of this greater 
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descent they would flow faster, and begin to out narrow 
channels again, where they had perhajis wandered over 
their deltas and swamp lands. 
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Fin. 47.- Coa.stai region from New Jersey to North Ciiroliiia Scale, 1 iueli ^ 110 
miles. The heavy line represents the Fall Line (Sec. .59). Tie- bays are drowned 
valleys (Sec. 52). Along the belt of the Appalachian Jlountains the stream 
pattern is trellised (See. .51), elsewhere treedike. 

53. Shifting of divides. — One of the more simple cases 
can best be explained by the diagram, P'ig. 4S. Let J/5C' 
represent the profile of a region whose water-parting is at 
B, and which has a short steep slope AB, and a long gen- 



66 AN INTRODUCTION TO PHYSICAL GEOGRAPnY 



tie slope B(!. It is eleiir that the streams coursing down 

AB will be more swift and destructive than those flowing 

from B to C. The land waste will be largely carried to A, 

B 




Fr^ 4S.— Cross-piTjfili' of a divide, showiiif; chaii^rs in hei^'lu and position. 

and the divide will move to B' and then to //". it will not 
stop until the slojies on its two sides are tlie same, but its 
shifting will be slow toward the last. 

From near the east front of the Catskill Plateau 
Schoharie Creek flows northwest, then north, then ea-t Ijy 
the Mohawk to tide-water in the Hudson at Troy. Its 
broad, flat, ujiper valley is seen in the north part of the 
maji on page 14. 15ut the east-flowing streams on the Cats- 
kill front reach tide-level in the Hudson in a few miles. 
Tlrey are therefore swift and vigorous, and tliey are cutting 
back great gorges and robbing territory from the Schoharie. 
In the same way the soutliern branches of the 3Ioliawk are 
conquering land from the Susquehanna basin in central 
Xew York. 

5-1. River systems. — The rest of this chapter will lie 
given to a short review of the more important rivers (jf 
Xortli America. Bringing from his school-work in geogra- 
phy a good knowdedge of their directions, relative strengtli, 
and the extent of their basins, the stitdent should now 
comprehend more fully their character. The divides sliould 
be traced and their cliaracter observed with all the heljis 
obtainable, and careful study should be given to tlie drain- 
age Ijasin in whicli one lives. 

55. The Mississippi system. — This singk' system well 
studied will give a nearly comjdete introduction to plivsi- 
cal geography. Here we have the drainage oi the central 
United States from the Ajipahicliian to the Rocky ]\l(iun- 
tains. A relatively narrow belt on the north is tributary 
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to the (ire;it Lukes, ami ii similar small strip on the south 
drains to tlie (fulf Ijy other streams. The source of the 
river is IJISO feet above tlie sea, and it is fed by many 
lakes. These are of glacial origin, and all the upper part 
of the Ija.sin lies within the area modified by the great ice 
sheet. The upper river flows among hills of glacial waste, 
usually in an open valley. At Minneapolis it enters a 
shoi't goi'ge, where the old valley for a few miles was sliut 
oi! by a mass of glacial waste, and the river forced to carve 
a new valley in the rocks. At some points on the Ijorders 
of Iowa, tlie valley is narrow, as if tlie same thing had hap- 
pciird there. The bluffs of the lower river, from the 
iiiDuth of the Ohio, are cut in soft material, and give sites 
to such rities as iMemphis, Xatehez, and Vieksburg. The 
llo(jd-plain is from 5 to 80 miles wide. Its broader and 
lower part is properly part of the delta, for a dee}) bay once 
reached up from the Gulf to the point where the Dhio now 
comes in, and this bay has gradually been filled by tlie 
waste the river has brought. 

The ^lissouri is so much larger than the upper ilissis- 
sippi that it might well be considered as the trunk stream. 
Here we find the torrent head-waters in the Eoeky iloun- 
tains in Montana and Wyoming, followed by a long and 
comparatively sluggish course across the Crreat Plains, 
whei'e the waters are heavy with waste, and can sink their 
valley but little below tlie general surface. The I'latte 
Ei\'er in Xeliraska is noted for its great width and shallow- 
ness. The next great tributary is the Arkansas. This 
river has its torrential course in central Colorado, an ojien 
valley south from Leadville between mountain ranges, a 
deep transverse passage eastward Ijy the Koyal Gorge, and 
then resembles the Missouri in its long passage across the 
plains. In eastern Arkansas its flood-plains and cut-off 
lakes are like those of the lower Mississippi (Fig. 32). 
The Red River can only be named, and we pass to the east- 
ern affluents. The Illinois River has cut a shallow valley 
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Fia. 40.— Thu riviTs of North America. 
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across tlie prairies and is interesting as having once carried 
much of tlie outflow from the (ireat Lalves region. The 
clumuel thus made, more than a nule broad, is seen in Fig. 
11 as a valley between high bluffs, containing the mod- 
ern rtood-plaiu. 'J'lie Ohio brings the waters from western 
I'ennsylvania, from southwestern Xew York witliin eight 
miles of Lake Erie, from far-away Virginia through the 
Kanawha, and from western North Carolina l>y the curi- 
ously winding channel of the Tennessee. 

The Mississippi is a continental river, with its myriad 
torrents in the mountains of east and west, its leisurely 
stretches across broad plateaus and plains on either hand, 
to the trunk channel, down which the ceaseless stream of 
water and land-waste pours into the Gulf. 

50. St. Lawrence system. — It is useful to regard all of 
the (ireat Lakes as expansions of the St. Lawrence Kiver. 
A great river system drained eastward over this region be- 
fore the lakes were in existence. Portions of its valleys 
were deepened by the ice, and other portions were block- 
aded by rock-waste, and so the lakes came into being. In 
tliis view, the St. Louis Eiver of Minnesota, the Sault St. 
Marie, the St. Clair, Detroit, and Niagara, and each great 
lake, are but different parts of the one great river. The 
river descends but 21 feet from the Superior to the Huron 
level, thence 8 feet to the Erie level, and 32C> feet by Niag- 
ara River and Falls to Ontario. The gentle reaches and 
rapids below tlie Thousand Islands bring the river to tide- 
level at Montreal. Thence the St. Lawrence valley is occu- 
pied by an inlet of the sea. 

This is commercially the most important inland water 
system of the world. Here are the ports of Duluth, ^lil- 
waukee, Chicago, Detroit, Cleveland, I-iuffalo, Montreal, and 
Quebec. The greater of these ports vie with New "^'ork, 
Liverpool, and Hamburg in the tonnage of their shipping. 
Over this route pass the iron ore of Minnesota, and the 
wheat and corn of the prairies and the plains. Such a 



70 AN INTRODUCTION TO PHYSICAL GEOGRAPHY 

body of waters jjenetrating the heart of Xorth America 
may be comjmred, in its influence on the development of 
commerce and the shaping of history, to the English Chan- 
nel and tlie ^Jorth and Baltic Seas. 

57. Drainage of New England, — The Penobscot and Ken- 
nebec, the Merrimac, Connecticut and Housatonic, all trav- 
erse the worn mountain and plateau region of northern 
and central New England, and reach the sea at the heads 
of narrow bays, which bear witness, like those of the St. 
Lawrence and Chesajjeake, to the former elevation of the 
land and its later sinking. All of these rivers are actively 
deepening their upper courses, and many of them show 
fine terraces and flood-plains. The Connecticut has an 
open valley, carved out of soft rocks, from northern Massa- 
chusetts to Middletown, Conn. 

58. Rivers of New York. — Though not a lofty upland, 
New York is remarkable for the wide dispersion of its 
waters, which flow to the Gulfs of St. Lawrence and Mexico, 
and to Chesapeake and Delaware Bays. Its chief internal 
river, the Hudson, is tidal for 150 miles, and has had much 
to ilo in determining the lines followed by early settlement 
and by later travel and commerce. 

59. Rivers of the Southern Atlantic slope. — These rise in 
the Allegliany Plateau, as the Susquehanna and the Poto- 
mac, or in the Appalachian Mountain belt, as the Lehigh 
and Schuylkill. Still farther south the rivers rise in the 
mountains, traverse the low, worn Piedmont Plain, cross 
the " Fall Line," and run along tidal courses l)etween 
flat grounds to the sea. The Fall Line is the boundary 
between an inner belt of older, harder rocks of higher sur- 
face, and the soft, low-lying rocks of the Atlantic Coastal 
Plain. Tlie crossing is often marked by rapids, locating 
the head of navigation, affording water-power, and deter- 
mining the sites of cities (Fig. 47). 

(10. The Colorado River.— This great stream drains much 
of Wyoming, Colorado, Xcw Mexico, and I^tah, and nearly 
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all of Arizona. Its northern and northeastern branches liead 
among mountains and course through gorges and high val- 
leys. Its trunk first crosses a system of ujjlifted plateaus, 
througli which it has excavated a series of profound canyons, 
and then traverses lowlands to the (Julf of California. Tlie 
descent is great, being 0,000 feet from Green liiver City, 
Wyo., to the sea, while the Ohio-Mississippi in flowing 
from Pittsburg to the Gulf of Mexico, a greater distance, 
descends but 700 feet. The Grand Canyon, celebrated not 
only for its scenery, but as the most impressive of all exam- 
ples of the work of rivers in making gorges, is at one point 
more than a mile in depth. Its lower part is there narrow 
and steep-walled, but above it opens widely, being elabo- 

8 7 A 



Fig. 50.— Cross profile of the Grand Canyon of the Colorado Kivcr. Baee-line repre- 
sents sea-level. 1, granite ; ;?, 5, and 7, sandstone ; A and S, limestone ; J and fl, 
shale. Scale, 1 inch ^ 1,5,000 feet. Compare with frontispiece and F\<x. G-l. The 
frontispiece represents the inner gorge (?) and terrace { ?), \\-ith tlie middle clilf (.7) 
at left, and the upper cliff (s) in the distance, f^ig. 04 .sho^vs the upper and middle 
cliffs. 

rately carved in alcoves, buttresses, and turrets (see the 
frontispiece and Fig. 64). The hard beds make conspicu- 
ous cliffs, and the soft beds are obscured by slopes of waste. 
The secret of the topography is in the dryness of the region 
and the vigor of the river. The general surface decays 
slowly, while the stream, fed with mountain rains and 
snows, and flowing rapidly, cuts into the rocks like a sharp 
steel saw. 

01. Drainage of California. — At the east is a high moun- 
tain range, tlie Sierra Xevada. The Coast Eange follows 
the ocean. Between the two is a long, wide, central valley 
drained southward by the Sacramento and northward ])j 
the San Joaquin. These rivers gather the torrent waters 
from both ranges of mountains, and come together at the 
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head of a narrow bay connected with the Pacific by the 
Golden Gate. The mountains offer mineral wealth, and 
the streams have not only washed out the gold dust, but 
have formed the soil and furnish the water for the riidi 
agriculture of the great valley. 

02. Columbia Eiver. — This stream heads on the western 
slopes of the Eocky Mountains and cuts across or through 
the Cascade Eange by wild defiles. It receives as its chief 
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Fig. 51.— Canyon of Snake KiviT. in Idaho. 






tributary the Snake River. Over much of the valley of 
the Snake broad and deep floods of lava were poured in 
earlier times. Through these the river has carved a deep 
a,nd very long gorge, wliich is only second in rank to the 
Grand Canyon of the Colorado. The Coluralna River is 
alfectod liy the tides to a distance of 140 miles from its 
mouth. 

n:!. The Yukon. — In passing the Fraser, the 'Mackenzie, 
and the rivers of the Hudson ]5ay region with a liare men- 
tion, the student should not forget that tlicv are important 
streams; but we turn now to the great Alaskan river. The 
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Yukon is 3,000 miles long, and has a basin about one-thiial 
as large as tliat of the ^Mississippi. It is the artery of the 
great interior plains of Alaska, is navigable for 1,500 miles, 
and is therefore of great importance as a route of travel 
and eommeree, despite tlie fact that it is cdosed by ice for 
more than half the year. As we have seen, it has built 
into Bering Sea a great delta. 



CHAPTEE IV 

WEATHERING AND SOILS 

In our study of streams we have seen that flowing water 
does not act alone in breaking up the rocks and elianging 
the face of the earth. We now seek to understand that 
many forces work together to cause a wasting of the land 
surface. As all this work is done upon the rocks, we must 
study a few kinds of rock in order to see the nature of 
these changes. 

01. Sandstone. — If we crush a piece of common sandstone 
and examine the fragments with a hand magnifier, we shall 
find them to he grains of sand similar to those we see in a 
sand liank or on the beach. Commonly the grains consist 
largely of quartz, a mineral resembling glass, but much 
harder. Otlier mineral fragments occur, especially feld- 
spar, but cjuartz is the more abundant. Upon the grains, 
if the stone is red, may be seen bits or patches of reddish 
substance. This is an oxid of iron and is the cement 
which held the grains together. Other substances, like 
calcium carbonate, may serve as a cement. This means 
that all sandstones once consisted of loose sand-o-rains which 
have been bound together by a cement. 

If the student will search in a boulder lieap, he will 
probably find some piece of sandstone which is so soft 
that it can be cut with a knife, or will even crumble in the 
blind. Here the cement is losing its hold, and tlie sand 
is going l)ack to its old condition. Let us weigli a ]uece 
ol' dry sandstone, then soak it a day in water and weieii 
it again. We slniU find tliat water has been absorbed, 
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sometimes as much as one-eighth of the weight of tlie 
stone. Tliis means that there is free space among the 
saiul-grains, wliich water or air may enter. Suppose the 
stone freezes after absorbing tlie water. Expansion will 
take place and the sand-grains will tend to be thrust apart, 
and after many such wettings and freezings, the stone 
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will crumble. Hence a very porous sandstone is not a 
good building stone for outside work. A little searcli will 
discover sandstones, in buildings or otlier structures, which 
show scaling. This is one of the ways in Avhich the stone 
can be destroyed, but the fact most important to rememljer 
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is that such rock is built out of small, separate grains and 
may return to its former condition. 

05. Shale. — There is a very fine-grained, soft rock, 
which splits easily into thin leaves along its planes of 
bedding. In an exposed ledge, thin fragments and slivers 
of such a rock will have formed a slope of easily sliding 
waste, and such waste, used for mending roads, may swiftly 
turn into mud as rain falls on it and vehicles crush it. 
We call such rock Shale, and, like the sandstone, it consists 
of small bits of mineral bound together. The differences 
are : first, that the shale often contains much of the fine, 
smooth substance (an aluminum silicate) which is known as 
Clay, and, second, that the other minerals in the shale are 
more finely pulverized tlian the grains in a sandstone. 

60. Limestone. — A soft mineral, known as calcium car- 
bonate, makes up the bulk of this rock. It may have various 
colors, due to impurities which it contains, hence we see 
blue, gray, yellow, and black limestones. A very pure and 
light gray or white limestone, called Chalk, occurs in parts 
of Texas, Kansas, and Iowa, and especially in England. 
It is soft and fine-grained. Limestone is used for build- 
ing, and is often "burnt" for quicklinu^. The burning 
chai^ges the calcium carbonate to calcium oxid or lime. 
When greatly hardened and crystalline, we know it as 
Marble. Limestone will dissolve more readily in water 
than most otlier rocks (see Fig. 55). It was originally made 
by the deposit of the hard parts of lowly creatures. Such 
animals unconsciously gather dissolved calcium carlionate 
from the waters in which they live, and build it into shells. 
Thus we see how limestones are brought togetlier, and how 
they may waste and disapjiear again. 

67. Granite. — The three kinds already studied are the 
chief rocks that are made or accunudatcd in water, ilany 
rocks are the pri)duct of heat, either deep down in the 
crust of the earth, or acting in tlie outflow of lava from vol- 
canic openings. Basalt belongs to the latter class. It is 
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dark, heavj', and contains nmeli iron, (iranite is a com- 
mon bnilding stone, and samples may be seen l)y all. It 
belongs to the first-named class of igneous rocks, those 
formed far l)elow the surface and brought to light by the 
removal, through the ages, of the overlying rocks. 

The chief minerals in the common granite are three. 
If the student will look carefully he will see glassy bits of 
a very hard mineral. This is Quartz. Pie may also see 
a pink, greenish, or white mineral. Tliis is Feldspar. There 




Fig. ."53.— firaiiite. 



are also scales, often very small, of the shiny, thin-splitting 
mineral known as Mica. These three minerals are massed 
together in finer or coarser fragments, to make up the rock. 
Anything that will tear these mineral bits ai)art will cause 
the rock to l:)reak down. One of the three, the felds^iar, 
decays slowly under the weather, and much of it becomes 
in time a smooth clay. In the city of Washington there 
are places where the rotted granite could be excavated with 
a spade. 

These arc but a few out of many kinds of rocks, luit 
they will serve as examples to show how all rocks are built 
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lip of mineral purticles and may be broken down again. 
It is to such brealving down that the diversity of tlie 
cartirs surface, the forms of its hills and mountains, and 
the existence of its mantle of soil, are largely due. 

To a short study of these processes of destruction we 
now turn. Eocks are broken and worn by river action, 
as we have seen ; and other chapters will show how they 
yield to the friction of glaciers and the pounding of sea- 
waves. The destructive processes referred to in 
this chapter are less conspicuous, though per- 
haps more imjiortant. 

Surface Wastixg 

G8. The atmosphere. — Our at- 
mosphere contains much osygen, a 
gas which coml)ines readily with 
most substances. AVhen it unites 
with iron it causes rust, and rust- 
ing involves softening, and a 
change to dull brown or reddish 
color, in place of the former 
... metallic luster. ]\Iost rocks 

contain iron in some form, 
the rusting of which causes 
the rocks to show stain and 
by and by to decay. This 
is one important case of 
AYeathering, a term which 
is used to cover the soften- 
ing and breaking uj") of rocks 
which in a numlier of ways 
goes on quietly at tlio surface of the earth. The surface 
of a stone lilock or Ijouhlcr is often thus changed, while 
tlie inner pa-rts, if oj^encd to view by the hammer, show 
ihe true color and hardness of the rock. A bed of clay 
or sand is usually weathered to dull hues above, but re- 
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i. 54. — \Vu:itluTcd ^and.^tniie. The rock 
i.s coinjioscd of hnrizmiial layers, luid 
is divided liy vcrLical joints. 'Die 
weathering is iiin:<t rapid almii; joints 
and at tlie divisinus between iaver.^. 
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mains of a bluish color below. This change is clue to the 
oxygen of the air, which penetrates all parts not filled 




Fig. 5o. — Weathered limestone. WastiiiL.' is by solution. Water liiids readiest access 

along joints. 



by water. Marble tombstones lose their jiolish after a 
few years. Rain and air, holding small amounts of 
carbon dio.xid and other gases, dissolve a little of the 
surface and so remove tlic lustei'. Cleopatra's Needle, 
now standing in Central Park, New York, was preserved 
for many centuries in Egypt, because the air is there so 
dry and pure. But some protective wash had at once to be 
applied to the surface when exposed to the damper air 
of the Atlantic coast, especially where mingled witli the 
7 



so AN INTRODUCTION TO PHYSICAL GEOGKAPIIY 



gases that flow from the chimneys of a great city (see 
Fig. 57). 

69. Eain wash. — Notice a bank of earth just after a 
heavy shower. The soil crumbles and its grains freely fall 




I'la. TiO. — A ptUbly rock (;ar\X'd by raai ; Kiis^iaii Rimt. (_'al, 

apart. There are small furrows or channels down tlu^ slope, 
and rills of water, still running in the channels, are dark 
with the grains of earth they have been al)lo to pick up. 
Permanent streams work only on narrow strips of land, luit 
rain soaks and softens the rocka and soil everywhere and 
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ij;ives the first start to loosciied particles. Tlie raiii rills 
begin tlio great task of currying wliich the creeks aud 
I'iveis coutinue. 

70. Solution. — If a gallon of water from any stream or 
well were evaporated, a small amount of solid matter would 
be found. In a tea-kettle niindi water is eTap.oi'ated, and 
still more in a steam-boiler, and the inner surface of each 
receives a hard coating. This solid matter has been dis- 
solved from the rocks l)y water. Thus whether we o1)serve 
that the damp air changes the polished marl)le to a dull 
surface, or remark tliat some water is " hard " and other is 
" soft," we are noting the cfEects of solution npon tlie roots 
of the earth's crust. 

71. Frost and changes of temperature. — The wai^tin;;- cf 
Cleopatra's Needle is due not only to tlie oxygen and other 
gases of the air, and to solution, but to tlie freezing and 
thawing of its moistened surface. Even in suiuuk r the 
heating and swelling under the hot sun. of noon, and tlie 
cooling and shrinking of night, will make some roidcs 
crack and flake. The student should exainine stone biiihl- 
ings, and he will be sure to find cracks iiml signs of decay 
of which there was no indication wdien tlie buildings ^yere 
made. Dr. Livingstone records in his notes such cracking 
of the rocks of Central Africa, where the noon temperature 
was 137° F. The upper slopes and top of Pikes Peak are 
covered with a mantle of .sharp-edged granite boulders 
riven from the bed-rock of the monntajn Iiy changes of 
temperature, together with the freezing of water which 
soaks into crevices (see Fig. 1;32). 

72. Plants. — All trees which have strong tap-roots stir 
the earth to a considerable depth, and even grasses often 
send their slender roots two feet into the ground. When 
plants die tlieir roots decay, and the process of deconijio- 
sition produces new" substances, souie of wdiich ai'c pofl-cr- 
ful to produce decay in rocks. As ti'ccs and hertis grow 
everywdrere, thrusting the earth apart Ijv tlieir roots, and 
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Fig. 5?'. — Wi-allnTiii;; of linu-stono in tho\\:ill uf an olil building; Trinity Lollege, 
Uxfurd, Eii^dand, 
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mixing with it in theii- decay, we can see that tlie inflncnee 
of phmts is ahnost iiniversah 

A gorge should he visited and a study should he made 
(if the roots of the trees on its steep slopes and crests. The 
roots thrust themselves far into the joints and planes of 
hi'dding and rend the rocks apart with great power. At 
the same time mosses mantle many rock surfaces, keeping 
them moist, and thus helping water to do its work of 
destruction. 

7d. Animals. — The prairie-dog is widely found in the 
western United States. It digs deep burrows, and casts 
u]! at the mouth of each one a mound of earth. The 
'•villages" inhabited l.iy these creatures sometimes cover 
many acres. Thus a large work is done by them in stirring 







In jS— \iitliill \rk iiis-is A alkj CoId H( -,ht ih ut miL 1 j t 

the earth at its surface and a little below. Of similar effect 
is the vork of woodchucks and the elaborate system of tun- 
nels made l)y ground-moles. In like manner crawfishes bnr- 
ro«' deeply, and it is said that they have even caused breaks 
in tlie levees of the Mississippi Ei\'cr. Beavers a7:d musk- 
rats carry on their operations at the borders of streams, ami 
the heavers cut much small timljer, flood ma.Jiy acres by 
their dams, and have been known to excavate canals for 
floating wood to their ponds (see Fig. '^34). Tlie hillocks 
built h}' ants ai'e composed of sand-grains brouglit from 
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tunnels underground, and are in some places so numerous 
as to make a dotted pattern on the hillside. 

Xear the close of his life Darwin took to his publisher 
a manuscript of which he spoke in modest terms. It was 
published, and has become famous, because it shows how 




Fir;. .^>9 —Shale lii'oken 1)}' down-liill creep ; Coliimlihl, Pa. 



large a work the common earthworm does in pulverizing 
the soil and mingling the substances which compose it. 
And we must not fail to see in nuin himself a vigorous 
modifier of the earth's surface. He causes chauii-es in 
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many ways, Vint the most important is by clearing the 
forests uiul turning up tlie earth with the plow. Thus 
rains, frosts, winds, and surface streams, all are given a 
chance to work, and the decay and transfer of the mate- 
rials of the earth's surface are much hastened. 

74. Creep. — W hen the farmer runs a side-hill plow along 
a steep slope he turns the soil toward the bottom of the 
hill, and in so doing he assists in a work on which nature is 
ever engaged. As the friction between particles is lessened 
)jy the entrance of water, and as the soil is slightly moved 
by cooling and warming, freezing and thawing, its weight 
pulls steadily in one direction, and this causes a real but im- 
perceptibly slow down-hill movement which we call Creep. 
(_)n steep mountainsides this of course progresses less slowly 
than on ordinary sloping fields. 

75. E,oek falls. — Where rivers, or the sea, are undermin- 
ing a. cliif, or where a cliff has in any way been formed, 
masses of the upper rocks come to be insecurely supixjrted. 
Frosts and I'oots use their thrusting power, joints are 
opened, and blocks tumble to the bottom. Thus gravita- 
tion aids in the destruction of the lands. 

7r>. Avalanches. — Masses of snow losing their poise on 
liigh mountain slopes go down with fearful speed and de- 
structive jiower. They cut such lanes through the forests 
as may be seen in the Eocky Mountains or the Alps (Fig. 00), 
and sweep rocks and earth in their course. The Swiss 
people set rows of strong stakes across the slopes where 
avalanches are in the habit of starting, and thus check the 
snows aliove their farm plots and villages. 

77. Thickness of land waste. — When a surveyor or con- 
tractor estimates the cost of making railway cuttings or 
canals, he takes into account the thickness of the earthy 
mantle that covei'S the rock. The excavation may be 
partly in waste and partly in rock, according to its dejith 
and tlie thickness of the waste cover. Tlie latter varies 
much from point to point. In many valleys the deposits of 







pi^j_ (JO.— Avalaiiflii.- rracks tliroiiL'^li a forest of fir ; northern Montanji. Thu Dioim 
tainside was worn suiuoLli luilI bivL'\> by a gruut glacier, and bears litllu s-oll. 
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cliiy, s;iud, ;uid gravel are several hundred feet deep. But 
often on the ui^lands and sometimes in valleys the I'ock 
comes to the surface. Thus the earthy cover varies fi'oni 
slight to great depth, hut if we dig deep enougli the solid 
rock will be found. 

78. Local waste. — If a, rock decays in its original place, 
as through wetting and drying, freezing and thawing, and 
the agency of roots, the earth and soil may he called local. 
Some of the materials once forming the surface will have 
been dissolved and carried away, but the parts not readily 
dissolved will remain. Hence the rock controls the soil. 
Such is the case with the soils of Kentucky and 'Tennessee. 
Limestones make the rich " Blue Grass region '" of Ken- 
tucky, and sandstones make the poorer jjarts of the State. 

79. Transported waste. — The soils of the centi-al valley 
of California have mainly come down from the Sierras by 
the wash of the rivers. The soils of Louisiana have been 
brought from the Eocky ^lountains, from the (ircsd I'biius, 
from the prairies, and from the plateaus and mountains of 
the Appalachian region. They have been transferred by 
the Mississippi and its branches. The earthy mantle of 
Connecticut and Rhode Island is in part composed of rock 
flour and stones brought from Massachusetts ami the 
northern New England States. The Connecticut and other 
rivers have done some of this work, but much more is dtie 
to the great glacier moving south over that region. In the 
northeastern United States all of the waste mantle is com- 
posed in part of local rocks, and in part of rocky matter 
moved from the north by glacier currents. Wc thus sjieak 
of transported waste, or Drift, a word especially applied to 
material moved by glaciers. 

Laxi) F(}Rms Dce to Surface Wasting 

SO. Mountains. — The Catskill Mountains of Xew York, or 
Creylock, Wachusett, and Moiiadno(dv in ^N'cw England, do 
not stand forth as mountains because they have been lifted 
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above the surrounding country, but becau.se the surround- 
ing lands have wasted away, and their materials have been 




Fig. 01.— CranitL' era™ in the Black Hills of Soutli Dakota. 



carried to the sea. In like manner, the mountain ridges 
of Pennsylvania and Virginia are from one to four thou- 
sand feet higher than the valleys that run between them ; 
and this is not because of a difference in uplift, Init is due 
to the wasting of tlie softer rocks. Tlie counti-y has grown 
rough in time, as a smoothed surface of a eotirse-grained 
wood does, after years of exposure to the weather. 

It is, liowever, true tliat many mountain masses are 
higher tlian the adjoining lands ever were. The Eocky 
Mountains, for example, have alwtiys been much higher 
than the Great Plains, though l.iotli luive suffered uplift 
(see Chapter VIII). 
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81. Rock ledges and waste slopes. — Almost eveiy moun- 
tain or steep liill shows us ledges, or sometimes long benclies 
or shelves, of harder rock, which resists the destroying 




Fi(i. (Iv;.— ■' HiiL;-li:ick." near ('iiiiyo]i, Culii A small iiKHiiitiiin riili,'!'. iliR- to the ini- 
cL[Lial \\-astiiii^' of sti'oiiLT ami wt-ak rocks. See l''i^, (i:j. 



forces we have been stndjnng, while between the ledges 
are smooth slopes of soil or coarser rocky waste (see Fig. 
04). Ill time the ledges will criunljle away and the 
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Fk:. (13.— Scr'tjon of the rifl^^es anil valleys shown in F\'^. G3. S\ S, S' are stronf^ 
rorks : TC IT', TT"", weak roeks. The rfirks were olici^ niori- extensive, as indi- 
cated liy the broken lines. 



slopes will take full possession. These changes arc seen to 
good advantage in many jjtirts of the f:ir West where the 
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Fid. G4.— "Rork lod^ces tliiiirsl-nno iiiid ,^nii(lst(ni(0 ami wasti' slopes icoTi.'t'aling; slialcV, 
I iruinl C:in}(.'ii ol" tlie ( 'I'loradu l{i\ cr. Ari/.oiui, See jta^'c 8y. 
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rocks iii'c liorizontal, with Imrder and softer L;,)-er,-!, and 
tiKTo is so little vegetation that the forms of the hillsides 




r;ii. i;."i.— A incsa-biitte in Oklahoma. At Ihi' Irft is lliu iirdilr of a iiirsa at tlir same 
lu\L'l. Tlic Ijiitte \\;is once part of the iiusa. 

are full_y exposed to vie^^^ (Sometimes the npjier surface of 
a horizontal htird hed is hare over a coiisiih'ralile aretf, 
while the edge is kept as a elitf by the weatliering of soft 
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I-'ii:, Of;.— r 1 I I 1 n II I lo Mountains 1 \ 
by a line of cliffs. 



n larked 



Ijeds helow. Such a shelf or table is called a Mesa. If the 
broadening of valleys divides a mesa so that part of it 




Fig. or.— Bnd laiiHs of South Dakota 
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Fig. 08.— Hills and mountains oi the Appalachian system, shOAvhtg rounding of .sum- 

mita. 
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stands as a separate hill (Fig. 65), the hill is called, in 
the same western region, a Bntte, or Mesa-Butte. 

83. Bad lands. — On slopes where the soil is poor, or for 
any other reason plants do not grow, decay is slow, and 
wear by running water comparatively rapid. Eavines ex- 




-wst.. 




FTfi. 00,— ^foiint Sneffels, Colorarlo. a sharp-crcstr'd moniitain. 

tend and branch until the whole area is carved into narrow, 
steep-sided ridges and hills. Such tracts occur most fre- 
quently in the drier parts of our Western States, where 
they are called Bad Lands, because unfit alike for tillage 
and grazing (see Figs. GO and 67). 
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83. Sharp peaks and rounded summits. — Auy good picture 
of the soutlieasteni ranges of the Appalachian system will 
show how round and subdued the mountain tops are (Fig. G8). 
Long ages of weathering have caused this. But the San 
Juan Mountains of Colorado, the Canadian Eockies,the Alps, 
and tlie Pyrenees bristle with sharp ridges and peaks (Figrj. 
(39 and \M). These mountains have existed long enough to 
have deep narrow valleys and steep) slopes made hy weather- 
ing, streams, and glaciers, but not long enough to have their 
sharp crests subdued. These are samples of the ways in 
which wasting controls the shapes of the earth's surface. 

Soils 

84. What soil is.— Tlie student should observe any exca- 
vation that penetrates a few feet below the surface. For a 
few inches, or one or two feet, the material will be dark in 
color and mixed with living roots and decayed vegetable 
matter. The latter may be present in small measure, or it 
may abound, even making the surface matter almost black. 
This superficial layer is called the Soil. It is the support 
not only of the natural growth of land plants, liut of all 
cultivated plants. Its origin is therefore interesting, and 
no other material consideration is so imj)ortant to our race 
as its preservation. 

.S5. Origin of soil, — It will be observed that we have 
carefully avoided using the word soil in writing of tl;c 
general waste mantle, although it is often loos' ly so used. 
The student should distinguish clearly and use it only uf 
the veneer of earthy matter which is specially fitted to 
support life. Like the waste that lies below it, the soil is 
derived fi'om the solid rocks, but it alone is enriched liv 
the addition of vegetal)le matter. The chief fluids of grow- 
ing ])];nits are water and certain substances contisined in 
air, but they need also something continned in rock Avaste, 
and tlie decaying vegetalde matter in the soil helps to pre- 
pare tlie waste for their use. 
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8(1. Kinds of soil.— All furnicrs roughly classify their 
soils. A ehiyey soil they eall heavy, and are careful not to 
\^-ork it when it is too wet. Otherwise it Ijakes and is un- 
productive. A sandy soil they call light. It rec^uires abun- 
dant moisture, else the water leaches off and the roots 
can not nourish the plant. The best soils are mixtures of 
clayey and sandy waste, and are called loams, which also 
are said to be light or heavy according to their character. 
As S(nls are of many kinds, it is fortunate that the needs of 
plants are also varied, so that some can thrive where others 
would perish. Swamp soils are often made available by 
drainage, and are of great value, especially for truck farm- 
ing. Lime, potash, and phosphates are among the soil 
elements that plants use most, although they make but a 
small portion of the entire soil. Hence they may become 
exhausted, and the prudent farmer " rotates " his crops and 
adds fertilizers, to keep up a due supply of these materials. 

87. The use of soil depends on climate. — Wheat thrives in 
Manitol)a, corn in Illinois, and cotton in Mississippi. The 
soils are not indeed the same, hut the principal difference 
is in the climate, which makes soils useful for certain 
crops. In the western part of the Great Plains, and in the 
valleys farther west, there is so little rain that our food 
plants do not thrive, but wdierever the needed water can 
1)0 supplied by irrigation good crops can be raised. There 
is no reason to doubt that the soils of northern Siberia are 
as rich as those of southern Europe, but the temperature is 
hostile to agriculture. 

88. Soils of the United States. — These depend on the 
forces which have made them. As we have scoi, those of 
Xew England are largely transported soils. On Cape Cod 
and ilarthas Vineyard they are sandy. On the uplands of 
Massachusetts they are clayey, depending thus on the action 
of the glacier in its moving and melting. This will lie l)et- 
tcr understood after the study of glaciers. Then, too, the 
student will learn what parts of our country were affected 

3 
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l)y tlie ice invasion. iSoutli of the ice limit, as in Virginia, 
Kentucky, and other States, the soil is made of tlic local 
rocks, and is clayey, sandy, and rich or poor in lime and 
other elements, according to the nature of the lied-i'ocks 
and the character of weathering. Much of the soil of tlie 
(Julf region is of alluvial or river-borne material. .Vniuiid 
the Ijorders of our Great Lakes are tracts of level land 
mantled over with lake muds deposited when the waters 
stood at a higher level. Thus every soil has a histoi'v. and 
its origin is in some way related to the chajiges hy wliii-h 
the lands have come to their jiresent condition. It is of 
interest to add that the Department of Agricultui-e lias 
organized a division for the study and mapping of tlie 
soils of the United States. 

UN^i)ERf;Kou]vfD Changes in the Eaeth's C'ri'St 

89. Water in the rocks.— If a piece of common day or a 
handful of soil be dried in an oven it will lose consiik'rable 
weight, thus showing that a large amount of wati.'r was 
held among the mineral fragments. Samples of drv sand in 
Colorado have been found to absorb water to the exient of 
29 per cent of their volume. If a boring be made, water 
will generally he found before great dejiths are reached. 
There is ofteir an aliundant supjily within a few feet of the 
surface. Quicksand is only a fine sand so filled with water 
that its grains move with little friction, and it readily en- 
gidfs man or beast that seeks to traverse it. All the deeper 
and solid rocks also contain water. IS'o granite is so hard 
and compact that it does not hold among its mineral ]iar- 
ticles a small percentage of water. 

This w;iter is ncaily stationary in hard rocks which 
are not crossed hy cracks. But where there are fissures 
it circulates with more or less freedom. Through beds 
of sand, and particularly in layers of gravel, water ^vill 
flow readily, though much more slowly than in a surfnee 
stream. The fact that water is present and nn.ivcs in 
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rocks, leads to important cliauges, several of which we 
shall now study. 

90. Hardening of rocks. — ({round-water, eoming in con- 
tact with the minerals that make up the I'oeks, is able to 
take more or less of the substances into solution. Thus it 
may take up calcium carbonate, iron, and many other min- 
erals ; continuing its course through the rocks, it may after- 
ward deposit part of tliis dissolved matter among the parti- 
cles and bind them more hrmly together, as by a cement. In 
a large gravel-pit one can usually see projecting layers of 
gravel, whose pebbles and sand-grains have l)een thus bound 
together by an underground deposit of calcium carbonate. 

91. Mineral veins, — Water laden with dissolved minerals 
often flows through a fissure, and deposits part of its burden 
on the walls, until the 
fissure is filled with 
mineral substances 
different from the ad- 
joining rocks. On 
breaking the rock, 
this Vein, as it is 
called, appears like a 
narrow or wide rib- 
bon, whose color de- 
pends on the mineral 
deposited. Many veins 
are of white quartz, 
and sometimes the 
c^uartz contains gold, 
in particles often too small to be seen by the unaided eye. 
Much of the gold of California and Colorado occurs in veins 
of quartz or some other mineral, and, indeed, veins contain 
the most important deposits of the precious metals. The 
metals have been dissolved from the rocks in which their 
particles were scattered, and brought together by under- 
ground waters. 




Fig. 70.— a vein of i^old-bcariiig quartz ; Nevada 
City, Cal. 
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9;3. Destruction of rocks by underground waters. — A?e 

must HOW look at another side. As already mentioned, the 
mineral matter contained in underground waters has been 
obtained by solution from rocks. What the water has 
gained the rocks have lost, and the effect on the rocks has 
often been to break them up into grains. In Cornwall, 
England, the granites are sometimes completely decayed to 
a depth of several hundred feet. Sandstone boulders and 
beds of sandstone become heaps and beds of sand in this 
manner. In other cases the whole substance of a rock is 
removed, and this brings us to the formation of — 

93. Caverns. — The Mammoth Cave in Kentucky consists 
of a complicated network of passages, having a total length 




Fii!. 71, — Sink IioIl' unci lake, Kansas. In this case the rock dissnlveil beneatli was 
probably salt. 



of two liunilred miles or more. It has been thorouffhly 
explored and nia])ped. It is entirely dug out of limestones. 
AVater, which dissolves limcstoue more readily tlian nmst 
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other rocks, filtors along tlie joints and crevices, and 

gnaws incessantijf until great openings result. The calcium 

carhonate is carried off by 

uiulerground drainage to 

some point where the water 

joins a surface stream, and 

thence it goes out into the 

sea. Beds of gypsum and 

rock salt are dissolved even 

more rapidly. Fig. 55 shows 

the mouth of a small cavern 

made liy the enlargement of 

a joint in limestone. 

When a consi<lei'able 
area has Ijeeii thus under- 
mined, the upper rocks miiy 
cave in, thus letting down 
the surface of the land 
above. Many small lakes 
in Kentucky occupy such 
Sink Holes. A streain nuxy 
flow for a considerable dis- 
tance in a tunnel thus made. 
As the tunnel grows Ijroader, 
its roof at length falls in, 
making an open ravine. If 
a small section of the roof 
remains in jjlace, we have a 
bridge. Such is the origin 
of the Iv^atural Bridge of Virginia, over which a public 
highway passes. Another such bridge in the same State 
is a half mile in extent, ami a railway which follows the 
stream Ijeneath it thus threads a natural tunnel. 

94. Stalactites and stalagmites. — The water di-i])ping from 
the roof of a cavern has soaked tlirough the limestones 
above and brought out its load of calcium carbonate. Some 




[(;. 72. — Stalactites, Liirit}' Ca\"''iii, M; 
ginia. Photograph by C. H. .Ta31e.s 
copyriglited. 
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of this is deposited at the point where the water comes out, 
mid ii mass like an icicle grows downward. Where tlie 
drip is along a crack, the mass will be blade-shaped instead 
of needle-shaped. As it grows downward it also increases 
in diameter by the addition of outer layers, like the rings 
of a tree. Such a formation is a Stalactite. Luray, the 
most famous and beautiful of the caverns of Virginia, is 
noted for its stalactites, many of which are large and finely 
colored by various minerals, mixed in small quantities 
with the calcium carbonate. 

The dripping water strikes the floor of the cavern and 
there deposits more of its mineral burden, which thus 
builds a small mound called Stalagmite. Sometimes the 
stalagmite forms a pavement over a considerable surface. 

U,5. Caveras and living creatures. — Blind fishes and other 
curiously modified animals are found in caverns. Such 
changes have come about by successive generations of these 
creatures living in the cavern, where the eye, for example, 
from lack of liglit, has grown useless, or has disappeared. 
Many caverns in Europe were the refuge of preliistoric 
men and animals, whose bones are now found there, and 
the remains of ancient animals have been found in Ameri- 
can caverns also. 

9G. Springs. — When water has soaked into the earthy 
mantle or the under rocks, and issues at the surface at a 
lower level, we call the outflow a Spring. Coming out from 
a depth to which tlie warmth of summer does not penetrate, 
spring water is usually cool, and its temperature does not 
change from season to season. The size of a spring, like 
the size of a river, is related to the area from which the 
water is gathered. An underground river coming to the 
surface makes a spring of great volume. At Bellefonte, 
Pa., at several points in Florida, and at the sourt'C of the 
River Jordan, are such si)rings. 

or. Mineral springs.— When the waters, on their way 
tlirough the rocks, have taken a large amount of min- 
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eral in solution, tliis name i,s given to tliem, jjarticularly 
if the waters liave medicinal value, as by the iDresence of 
iron, lithium, sulfur, or other substances. Carlsbad and 
Yichy are well-known springs in Europe, and Saratoga is 
the most famous of tlie thousands of mineral spring locali- 
ties of the United (States. 











Fig. 73 — t liMip.'irra S]H-ing uthI terrace ; Yellowstone National Park, "Wyt 



98. Hot springs. — Those of Arkansas will at once occur 
to the student. Others are found at Glenwood, Colo., and 
in the Yellowstone National Park. In such cases the 
waters have come up tlirough heated rocks, and owe their 
temperature, either directly or indirectly, to the heat of the 
earth's interior. Such springs are apt to be charged with 
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Pig. 74. —Old F.'iithfiil Gcysrr, Yrllowstoiir X:ition;il Park, Wvomiiu 
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minerals, because hot water dissolves the rocks more readily 
than cold water. Hence also the waters, losing their heat 
as they come forth, deposit minerals about the springs. 
Such abundant deposits form the well-known terraces about 
some of the springs ot the Yellowstone region (Fig. 73). 

III). Geysers. — These are periodically eruiitive springs 
found in the Yellowstone Park, in Iceland, and in New 
Zealand. At intervals of a tew minutes, or a few hours, 
they spout a jet of water into the air, which plays like 
a fountain for a few moments and subsides. The water 
is boiling hot, and is mingled with steam. The explana- 
tion is found in the fact that the boiling of water may be 
restrained by pressure. Deep in the geyser throat the 
water grows gradually hotter, but for a time docs not 
change to steam, on account of the jiressure on it of the 
water above. At last the heat so increases as to overcome 
the pressure, a great volume of steam is suddenly formed, 
and its expansion drives a quantity of water into the air 
(see Fig. 74). 

100. Wells. — The mantle of waste is usually filled with 
water except the uppermost part. This " ground-water," 
as it is called, supplies ordinary springs, and is itself re- 
plenished by the part of rain which soaks in. When a 
boring or digging reaches below the level of permanent 
ground-water we call the opening a well. Water stands in 
it up to the ground-water level, and as this is pumped or 
drawn out the quantity is restored by oozing from the 
sides. 

101. Artesian wells. — These are so named from the 
province of Artois in France. The princijjle of these wells 
is best shown in Fig. 75. The water soaks into a porous 
bed of rock such as a sandstone. It is kept in this layer 
by fine-grained beds above and below, through which 
water does not readily pass. If now the beds all incline a 
little in one direction there is a constant pressure on the 
lower waters of the porous bed. If a boring pierce the 
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cover rocks, the waters will flow out, and sometimes spout 
to a considerable height. It is the same jirinciple of 




Flo. 75.— Ideal section of i\ valley, showing the priiicijile of artesi;ni wells. ,1. a 
porous roek ; J!. I ', impervious rocks ; i^, height oi tlie water-ltvei in .1 ; J>. L\ 
artesian wells, made where the ground Is lower than 7^. 

hydraulic pressure that is used in making a fountain. 
This general arrangement of porous and compact heds is 

fortunately found in many 
regions. Hence along the 
xVtlantic coast, as in south- 
ern Xew .Jersey, such 
wells are common, a.lso 
in northern Illinois about 
Chicago, and in mtiny 
parts of the Great Plains 
from the Dakotas to 
Texas, 

102, Water supply, — 
Here we count springs. 
wells of all kinds, rivers, 
and lakes, large and small. 
Large cities olitain their 
supplies from ri\-crs and 
lakes, scattered houses 
from springs and wells. 
I'nfortunately, not all 
I,. , , ;,.»^«MM water is wholesome, aiul 

fc*' ■ .''.'■ '^*'-Jfitei^«^Bi much that is used is dan- 
gerous to health and life. 
As the rain S(xiks down to 
join the groun(l-A\'ater it 
may carry with it any tilth tliat lies on or near tlie sui-ra.H\ 
and thus make springs and wells unlit to use. This is 
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especially true in a village or thiekiy settled neighborhood, 
but even the sewage of a single house may reach a well 
sunk in the yard. Every one should learn enough about 
the movements of ground-water to arouse caution in the 
use of wells, and every one should understand that water 
which is perfectly transparent and pleasant to the taste 
may at the same time be tilled with the germs of typhoid 
fever and other diseases. River sujiply is dangerous if the 
np-stream region is thickly settled. Lake supplies are safe 
if due care be taken of the inflowing streams. Deep wells, 
such as the artesian, are likely to be safe. Increasing atten- 
tion is given, as it should be, to this important subject, by 
cities and towns and by the State and Xational ("iovem- 
meuts. 

Landslides 

103. Slides in railway cuts. — In the spring one may often 
see repoits of blockades on railway lines because masses of 
earth have slid upon the track. The underground waters 
have lessened the coherence of the earth, and the steep 
sloi^es can no longer be maintained. Loose waste, as seen 
in talus slopes or heaps of sand, will rarely have a surface 
inclination of so much as 35° with a level plain. If this is 
exceeded in artificial slojDes of earth, slips are sure to take 
place. 

101. Hillside slips. — Small slips may often be found liy 
the observant eye on the slopes of stec}) hills. Freezing 
and heaving of the material, followed by thorough soaking, 
cause it to fall away. On a larger scale slips take place 
where rivers undercut the valley sides, making an oversteep 
slope. In the early days such a slide on the borders of the 
Genesee valley in western New York carried down 17 acres 
of land, and the hnmmocky surface caused by the lodging 
of the material is still to be seen along the valley bottom. 

105. Seashore slips. — In a similar way the waves of the 
sea undercut the shore lands, forming cliffs. A great slide 
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of 13 acres in extent ouco occurred in this manner on the 
south shore of England. 

106. Landslides in mountain regions. — Here the vallej^s 
are deep, the slopes are steep, the destructive forces are 
active, and everything favors the sliding of vast masses of 
earth and rock. In 1806 the upper rocks over a large area 
of the south slope of the Rossberg in Switzerland slid sud- 
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Fig, 78. — Landslide scenery in sonthern Colorado. The mounds in the valley and on 
the slopes are masses of earth and rock which have slid from above. 



denly into the valley, overwhelming the village of Goldau 
and causing the death of several hundred of the inhabit- 
ants. The earth and rocks, including masses as large as 
houses, still strew the valley for a distance of two or three 
miles. The present village is built upon the slide, and a 
railway cut has been made through it. 
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A still larger mass broke from the Cascade Mountains a 
few centuries ago and slid about two miles to the Columbia 
Kiver, making a dam and causing the " Cascades." A 




Fk;. 79.— The Cascades of the Columbia River. The central hill is a huge boulder. 
All the boulders of the view, together with the Hooded hill at the left, are parts 
of landsliiles. 

short canal has been made, with locks, that steamers may 
pass, but above the dam they find deep, quiet water for 
thirty miles. In this deep water stand stumps of trees 
which grew before the slide and were killed by the flooding. 



CHAPTER V 

WIND WORK 

107. Importance of winds. — We are studying the forces 
vhieh iiiCKlify tlie crust of the earth and change the forms 
of the laud ; hence the physiograpliic eifeets of winds are 
those wliieh now claim our attention. In the chapters on 
the atmosphere we shall consider the origni and kinds of 
winds, and their effects on cdimate as carriers of heat and 
moisture. The work of the ocean depends largely on the 
winds as ware-makers. The chapter on animals an<l j^lants 
will show how winds affect the grouping of many living 
things. 

lOS. Common examples of wind work. — T)ust rises in 
clouds from traveled roads, to settle upon trees, la"Hns, and 
fields. It gathers in the gutters of house-roofs and on 
roofs of towers whicli are surrounded with battlements. 
Seeds lirought Ijy winds or l)irds are lodged with the dust, 
and thus grasses, shrulis, and even small trees flourish in 
such high places. 

fOf). How dust is carried. — When very minute ]Kirticlos 
of earth are mingled with water we call them mud; when 
they are dry and powdery, dust. The wind, which is only 
air in motion, picks them up just as moving water does, 
and carries them till the motion stops; then they settle 
slowly down. The wind does not blow hard in t1}C woods, 
nor under thick hushes, nor even inside the leafy mesh of 
a meadow. It can pick irp dust only from bare places, 
such as roads, freshly plowed fields, and barren deserts. 
And when dust settles from the air, part of it gathers 

109 
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Fiii. 80.— Profile of a dnnc. from back to front, 
showiiiK its n-lafioii tn llic wind. Tlir flow- 
lines of the air ari' drawn above, with the 
eddv ill front of the dune. 



among trees and other plants where it is safe from the 
wind. So the air is a carrier of dust, just as water is a car- 
rier of mud. It talces sometliing from tlie ground where 

the ground is bare, and 

gives sometliing to it 

where it is clothed with 
vegetation. 

110. How sand is car- 
ried. — Sand grains tire 
so much heavier than 
ptirticles of dust that 
they can not float in the 

air. When a strong wind drives them they go rolling and 
hounding along, and are rarely raised more than ;i few feet. 
Drifting sand often gathers in wave-like heaps or hills ctilled 
Dunes, and these hills are not stationary hut travel in a 
curious way. As the wind blows across one of them its 
current is turned upward so as to shoot over the crest, leav- 
ing a quiet spot, or eddy, beyond (Fig. 80). While it is 

rising, sand grains are 
dragged along with it, 
but a little beyond the 
crest they fall into the 
eddy and come to rest 
on the lee slope. Thus 
the wind ahvays robs 
one side of the dune 
and gives to the other, 
and the position of the dune is changed (Fig. SI). As 
the dune progresses, a tree or even a house may be gradu- 
ally buried, and afterward retippear on tlie opposite side. 

111. Places where sand drifts. — Forests, tliickcts, and 
meadows protect sand as well as dust. So dunes tlourish 
only on barren lands. Deserts are their chief liaunts. but 
they find starting-points along coasts, wliere waves have 
washed up beach sands ; along rivers, where sandy bars are 
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Fig. 81.— Diagram of the progre.'^s of a dnne, from 
a to b. The arrow flies with the wind. A 
live tree standing before the dune when it is 
at a \ylU be buried by the advance to />. An- 
other tree, previously killed and still eo\'cred 
by the dime, will be brouglit to light when it 
has reached 0. 
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dried in summer ; and in a few places where the mantle of 
waste is so pure a sand that plants get but feeble hold on 
the land. 

Flyixu Dust axd Driftixg Saxds ix Dky Eegioxs 

112. The western United States. — The plateau regions 
west of Missouri and Iowa are nearly everywhere subject t(j 
great dust storms. The climate is drv, the covering of 
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Fig. 8'^. — A patch of :;rass on a field of loose sand. 1 )riftin:; sand-^n'ains lodge amon^ 
the trrass. and a hillock is iniilt. 

vegetation scanty, and winds sw^ee]> freely for liundrcds of 
miles. The surface earth is picked up and carried in l)lind- 
ing storms. Thirty-eight such storms were reported during 
the years 18!i4 and 189.5, and these take no account of the 
drifting by every considerable l)reeze. Great storms are apt 
to occur on the plains two or three times a year, and in 
parts of C'alifornia they are more frequent than this. They 
last from an hour to several days, and hundreds of tons of 
dust are often borne in a single culiie mile of air. The sun 
is obscured in some severe storms, and the sand penetrates 
houses and covers carpets and floors. 

Traveling dunes are common in all the western part of 
9 
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the Great Plains, in the region of the Great Basin, and in 
Isew Mexico, Arizona, and southern California. 

113. Northern Africa. — The Sahara is not so completely 
a sandy desert as is often supposed. Less than one-third 
of the Algerian Sahara is said to be covered with drifting 
sand. Eocky areas are not uncommon, and salt marshes, 
with numerous fertile oases. But, as a whole, the climate 
is dry, and the winds sweep the sand over wide areas. On 
the east the Nile Valley receives its contribution by the 
winds, so that the sands of the desert mingle with the sedi- 
ment of the Nile floods. 




Fig, S3. — Dunes in the canyon of Colnmbia River, Tlie wind lilo 
migrate, from leff to liglit. 
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111. Asia. — With little interruption the sandv and lialf- 
desert tract extends from northern Africa far across Asia. 
Oriental explorers and travelers offer many vivid accounts 
of the dcsc^rt storms. One of these, lasting a whole daj^, 
was encountered by Dean Stanley on the borders of the 
Red Sea. "Imagine all distant olijects entirely lost to view 
— the sheets of sand fleeting along the surface of the desert 
like streams of water; the whole air filled, though invisililv, 
with a tempest of sand driving in your face like sleet." 
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Then follows an accouut of the difficulties of the caravan, 
the Bedouins covering their heads with their shawls, and 
the camels patiently facing the blast. 




Fig. y4. — The last house in Biggs, Ore., a village overwhelmed by dunes. Attempts 
to hold the sand back by fenees were iinsnccessful. 

In central China vast areas are covered, sometimes to 
depths of hundreds, or even thousaiids of feet, by a yellow- 
ish eai-th which is believed to have been swept to its place 
mainly by winds. It is called Loess, and is remarkably fine 
and uniform in character. Streams and even vehicles cut 
deep gorges into it, and it is so dry tliat in tlu^ lihril's 
houses or dugouts are excavated in which many Chinese 
farmers live. 

Deiftino Sands on the Shores of Lakes AT^rn the Sea 

116. The Great Lakes.— From the car window at Michi- 
gan City one may look upon the inner slope of a great, bare 
dune, built by the winds out of the sand on the shore 
of Lake Michigan. Approaching Chicago by one of the 
railways from the east one continues to see the sands in a 
belt of hills scantily clad with trees. xAlong the eastern 
shore of the lake are many dunes, some having a height of 
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200 feet ; and belts of great dunes are found on the bor- 
ders of Lake Suj)erior. 

116. Dunes of the Atlantic coast,— Let us take Cape Cod 
as a striking examjile. Thoreau, the naturalist, flho many 
years ago traversed the length of the cape on foot, has 
published a diary giving interesting references to the mov- 




Fia. S5.— Laudward ^iilc of a dune on the coast of Xurlli ( 'arnliiia. Tin 
eiiiig from right In left, and has killed a tree by buryinL: il,s lowi- 



part. 



ing sands. The surface earth of the cape is a loose glacial 
formation, -with much sand and gravel. For long ages the 
sea has been cutting into these deposits on the east, and 
sorting out the sand to make beaches, llie winds lilow 
freely over the sea and play with the sands at their will. 
The materials and the worker are thus alwavs at hand, and 
the result is a long succession of shifting sand-hills. 

We may now associtvte with Cape Cod other parts of 
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our Atlantic coast, as tliu south shores of Nantucket, Mar- 
thas N'ineyard and L(uig Island, and the Massachusetts 
coast north of Cape Ann. Along the south xVtlantic coast 
the l)cds attacked by wave and wind and forming shore dunes 
are not glacial, like many in New England, hut they are nn- 
hardened rocks whose materials are readily broken up and 
moved from their jilace. 

117. Western Europe. — On the coast of Ciascony the belt 
of sand-hills is so continuous that at only two points in a 
distance of a hiindred miles can the streams find their way 
out into the sea. The dunes on the coast of Holland cover 
a belt of land some- 
times five miles ' ■ -. ' . 
wide. The hills are 
usually 50 to 60 feet 
high, but sometimes 
rise to more than 
200 feet. Dunes 
have been formed 
on the shores of 
Norfolk and Corn- 
wall, England, and 
on some shores of 
Scotland and Ire- 
land. 

1 1 c*^. Dunes of 
the Mediterranean. 
— ^lany travelers 
have described the 
belt of sand-hills 
along the borders 
of the ancient Phi- 
listia. Ancient cit- 
ies have been cov- 
ered, and fields and orchards are often invaded at the 
present time. The strip of coastal land affected is from 




Ifw. si; —Planting grass to stop tlic 
near Provincetctwn, Capr t '( 



rifting of sand, 
I, Mass. 
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one to four miles wide. " It is a pitiful sight," says Geikie, 
"to notice olive and fig trees half-buried, their owners 
striving hard, season after season, to shovel away the sand 
from their trunks, till they stand, in some cases, almost in 
pits, which would close over them if the efforts to save 
them were intermitted even for a short time." 

119. How encroaching sands are held in check. — Various 
methods are used. The French bring about the formation 
of a shore ridge of sand to a height over which the sands 
will not blow. This is accomplished by artificial barricades, 
rising in height from time to time, for a period of years. 
The princii>le is similar to that used in making fences to 
stop the drifting snows at a certain line. Another meth- 
od is to plant grass or trees on the dunes. Common olean- 
ders are used for this 
purpose in Bermuda. 
The Department of 
Agriculture gives at- 
tention to this prob- 
lem ; a report on 
Sand-binding Grasses 
is found in its year- 
book for 1898. Fig. 
86 is from this re- 
port. Such grasses 
as are found to thrive 
naturally on the 
sand - hills in some 
localities are set bv 
the hand of man in 
other regions. This 
work has been done 
near San Francisco, 
along the shore of 
Lake Michigan, and near Provincetown, Mass. The danger 
in the last case is that the sands will blow across the narrow 




Fig. 87.— a Ijonliler Trsliiii,' mi u biillkdf shalu 
which is swei)t Ijy driitint; sand, protects 
one S|>ot while the ground all about is worn 
away ; northwestern Arizona. 
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neck (Fig. 86) and fill up the harbor. Grasses have thus 
been used to defend the coasts of France, Holland, ami 
Denmark. Where no precaution is taken, a dune has been 
known to migrate as much as 70 feet in one year. 




120. The sand blast. — Sand driven by jiowerful currents 
of air is used in the arts for many purpioses. Pattei-ns are 
cut on glass, and heavy plate glass is readily pierced by such 
means. The blast is used for bringing out the grain of 
wood, for giving a granular surface to iron and steel, for 
carving inscrijitions on stone, for lithographic drawing, 
for (deansing the inner face of tanks from foreign deposits, 
and for refacing grindstones and emery-wheels. 

Sand blown by natural winds does similar work, and 
this natural sand blast suggested its use by man. Wher- 
ever the wind habitually drives sand upon boulders or 
ledges, wearing will result. Many sand-carved boulders 
have been found in the Androscoggin Valley, near the 
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White Momitains. But it is only in dry regions tliat sucli 
worli is important, and many examples of it have Ijcen 
found in the western United States and the Sahara. The 
student should not, however, suppose that this work is to lie 
compared in importance with that of weathering or streams 
or glaciers. 



CHAPTER VI 

GLACIERS 
3[orN'TAI>7 (iLACIERS 

121. The Gorner Glacier. — Monte Kos;i is one of tlie liigli- 
est i)eaks of the Alps, West of it are Lyskamm, Breit- 
horn, and the Matterliorn. All these mountains rise to 
altont 15,0(J0 feet aliove the sea., and are the hi,o-liest 
points of a, lofty ridge "which marks the houndary of 
Switzerland and Italy. Xorth of this ridge a deep valley 
rnns from east to west, and in this valley is the Gorner 
(ilaeier. For the places noted in tins section tlie student 
should constantly refer to the map (Fig. 89). The glacier 
fills the valley to a depth of many hundred feet, and flows 
from east to west. It is known at its lower or nortliwest 
end as the Boden Glacier. At its eastern end, covering the 
high slopes north of ^lonte Rosa, are great fields of snow. 
This snow, accumulating from year to year and from cen- 
tury to century, packs together, pmshes down the moun- 
tain slopes, and within a short distance becomes solid ice, 
which, at the rate of a foot or more per day, flows west- 
ward down the valley. The whole length of snow-field and 
the glacier projier is nine miles. The upper edge of the 
snow-field is nearly 15,000 feet, and tlie lower end of the 
glacier is aliout 0,000 feet, above the sea. 

The glacier is not entirely formed from the snows at its 
eastern end. Other snows gather on the north slopes of 
the ridge already described. These form several smaller 
glaciers which join the Gorner Glacier ou the south and 
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swell its size. These, beginning at the east, are : the Monte 
Eosa, Grenz, Twin, Schwarze, Breithorn, Little Matterhorn, 
and Theodul Glaciers. From the ice and snows rise craggy 
ridges and peaks, which all together form one of the most 
splendid views to be found in any land. 

Along the trunk glacier the student will see upon the 
map a number of brown lines. These usually lead up to a 
rocky ridge which separates two tributary glaciers. As the 
glaciers crowd the mountainside they pluck away blocks 
of rock. Other waste rolls down the steep slope and lodges 
on the edge of the stream of ice. Such a line of waste on 
the side of a glacier is a Lateral Moraine. "When two glaciers 
unite, the loft lateral moraine of the one and the right 
lateral moraine of the other join together, and a ridge or 
tract of waste stretches far down the trunk glacier. Such 
are the brown lines on the Gorner Glacier ; they are called 
Medial Moraines. 

Where the glacier is finally overcome by the melting of 
its ice at the lower end, in the warmer valley region, more 
waste is found. The stones carried on the surface as 
medial moraines, and the stones and finer waste carried 
along in the bottom of the glacier, are lodged in confused 
heaps where the glacier ends, and make up) the Terminal 
Moraine. 

Let the student refer again to the map. He will ob- 
serve streams which come to an abrupt end. They are 
formed by the surface-melting of the glacier, and plunge 
into wells which penetrate the glacier to great depths, or 
into equally deep cracks, or " crevasses," which may cross 
the glacier for considerable distances. Where the ice passes 
over a step or sharp descent of its rocky floor, it is strained, 
and many crevasses are formed. Cracking and melting 
combined will often make a glacier surface so rough that it 
can not bo traversed. Several surface pools are also shown. 
It will be readily understood that the deep fissures, wells, 
pools, and surface streams vary much from time to time. 
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Meltiiiff goes on also within and at the bottom of the 
ice. All these waters gather into a subglacial sti-eani, 
whieli is often a considerable river, and flows into the open 
air at tlie lower end of the glacier. This stream nnder 

the glacier wears the 
! rocks like any other 
stream. It also re- 
ceives much rock- 
flour made by the 
heavy grinding of the 
ice, and has a milky- 
white ap])earance, 
which it retains for 
many miles in the 
open valley. Tlio 
Swiss call snch water 
"glacier mil k. "' 
When firm rocks are 
ground up the pow- 
der is usually white, 
but the powder from 
weathering is yel- 
lowed by iron oxid. 
The lower end of 
the glacier sometimes for a term of years pushes farther 
and farther down the valley ; and it has thus destroyed cot- 
tages whieli were Imilt too near its foot. The cause of 
such fluctuations is not well understood, but we can see 
that any change of climate, which Ijronght more snow, or 
less heat for melting, would make the glacier deeper, and 
cause the ice to push into the valley with more vigor. 

We liave thus studied the Gorner (ilacier with care, not 
because it is tlie largest even of the Swiss icc-strea.ius, but 
because it shows the characters of a glacier in an instructive 
way, and because the features described belong more or 
less to all glaciers. For a. miti-e cdniplete knowledge, refer- 
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Fig. 01. — .\ crevasse. See pa^^e 120. 
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ence should be made to Tyndall's Forms of AVater, his 
Glaciers of the Alps, to text-books of geology, and to works 
on the Ice Age. We are now prepared to refer to other 
glaciers, and to see how important they are, or have been, 
upon the land surfaces of the earth. 

122. Other Alpine glaciers. — Switzerland alone, not in- 
cluding the Austrian Alj)s, has several hundred glaciers. 
Of these, 138 are more than 5 miles long. The Aletscli, 15 
miles long, is tlie greatest. The Lower Aar, 10 miles long, 
was made famous by the studies of Louis Agassiz. The 
Ehone Glacier, source of the Rhone Eiver, has a wonderful 
fall, or cascade, 1,600 feet high, shown in Fig. 250. At the 
brink the ice is rent by innumerable crevasses, but at the 
foot it is welded again into a compact, smooth body. 

123. Mountain glaciers of other lands. — In Europe these 
are found in the Pyrenees and Caucasus, and in A'orway. 
In the last country tliey often descend from the ujJands 
and enter the sea at the head of the sunken valleys, or 
fiords, which abound on that coast. In Switzerland no 
glacier reaches a point less than 3,000 feet above sea-level. 
In Norway, as in Spitzbergen, Greenland, and other north- 
ern lands, the lowlands are not warm enough to prevent 
the descent of the ice-streams to the sea. 

In the Himalayas much longer and larger glaciers 
occur than are found in Europe, though less is known 
and written about theni. Many glaciers occupy the high 
valleys and slopes of the Andes in South America and of 
the mountains of New Zealand. In Patagonia they de- 
scend to the sea. 

124. Mountain glaciers of North America.— In the Tnited 
States these are all of moderate size and lie in the hio-h 
mountains of the West. Not long ago a small glacier was 
found in the Rocky Mountains west of Denver in Colorado, 
and named the Arapahoe. It is of interest as a remnant of 
the greater glaciers that once filled the high valleys of that 
State. Other and larger glaciers occur in the high ranges 




FiG- 'J3.— A ylacitT nf fhi' (.';iscafle ranE^e in iinrtln'iii Washington. Though it is 
August, the higher parts are covered by snow and there are banks of snow farther 
down. The lower end is surrounded by a curving terminal moraine. It is one of 
a series, each occupying an alcove which it has lielped to make, and separated 
from its neighbors by narrow crests. The terminal moraine of another glacier 
occupies the foreground. 

135 
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of northern Montana and Washington (see Fig. 03). A 
few are scattered among tlie peaks of the Sierra Nevada, 
and five lie on the uj^i^er slopes of Mount Siiasta. Sev- 
eral rivers which flow into the Colnmbia and into Paget 
Sound have their sources in the glaciei's of .Mount Rainier, 
Mount Hood, Mount Baker, Mount Jefferson, and Blount 
St. Helens. They are distinguished from other rivers of 
the region by the niilkiness of their waters. 

As we follow the Cordilleran system of mouiitains into 
Canada, we meet with larger glariers, scnne of which de- 
scend into the lower valleys. Those of the Selkirk ]\Ioun- 
tains, along the line of the Canadian Pacilic. Eailway, are 
best known. Cfoing northward to Alaska, we fiml tlie ice- 
streams still larger, and, like those of A'orvray and I'ata- 
gonia, they often flow down to the sea. 

One of the greater of these icc-streanis is the YunY 
Glacier (Fig. 95). It is also one of the more accessible, 
and is visited annually by steamers carrying parties of 
tourists. It lies near the head of Glacier Bay, from whose 
waters its cliffs of gleaming white rise to a height of 500 
feet. Its thickness is 900 feet, so that much lies below the 
water surface (Fig. 94). From the clifEs, masses crack off 




Fig. 04. — Scrtinii of end of ^Tnir raaoior rtnd part of Olacior Bay. sliowinix icebergs. 
Srale, 1 imli = ;;,:]i:n fi'c't. 



at intervals and float down the waters of the liay as small 
icebergs. (h\ either hand are mountains several thousand 
feet in height, and one rocky mass protrudes through the 
surface of the ice-stream to a ludght of 1,500 feet. At 
least nine ice-streams, flowing from interior valleys, come 
together in a l^roader vallcv or Ijasin to form the trunk 
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glacier. Tliis glacier was first visited in 1794, by Vancouver, 
wlio found it mucli larger than it is now. It was joined 
with glaciers from other sides of the bay, and for 40 miles 
the sea was displaced by a solid mass of ice. 

On the southern slopes, and in the deep valleys of the 
range culminating in Mount St. Elias, are several large 
glaciers. These unite on the narrow 2)lain that separates 
the mountains from the sea, and form a glacier 30 miles 
wide and extending 70 miles along the Ijase of the range. 
At some points the sea is reached, and at others a narrow 
strip of land lies between the glacier and the shore. Thus 
we have mountain glaciers at the sources, but a Piedmont 
(foot of the mountain) glacier below. This lower ice-field 
is called the Malaspina Glacier. Its inner part, toward the 
mountains, is clear, but the outer border, for a width of 
several miles, is covered with rocks and earth brought in 
the ice and exposed as the ice melts. On parts of the 
overlying earth thick forests are growing. 

CoNTiifEXT.vL Glaciers 

These are more often called Ice Sheets, because they 
spread widely over the land, concealing its hills and val- 
leys. The ice sheets which now exist are instructive, be- 
cause they prove tlie possibility of such gatherings of ice in 
former times, and because they throw light on the behavior 
and appearance of tlie ancient continental glaciers. 

126. Greenland ice-sheet. — The larger part of this great 
northern land is covered witli a sheet of moving ice. The 
ice-fields are about 1,300 miles long from north to south, 
and from 300 to <;00 miles wide, ilucli of the border of 
the island is free from ice, especially toM'ard the south, 
and along this narrow rim of land are the hundile vil- 
lages of the people, who live by fishing and the hunting 
of seals and wali'uses. In tlie interior the surface of the 
ice-cap, as it is often called, is several tliousand feet above 
seadevel, and is an even plain. Thence it slopes gently 
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down toward the edge of the land, where it pours out 
through valleys and stretches of lower ground to the sea- 
border. Some of the ice-streams which thus drain off the 
great central mass are very broad; the Humboldt Glacier 
enters the sea with a width of about 50 miles. We thus 
see that whatever may be the shape of the land in the inte- 
rior of Greenland, all is shrouded from view by this per- 
petual mantle of frozen water. Nansen crossed the ice of 
lower (^{reenland, from sea to sea, in 1888. In recent years 
Peary has extensively traversed the ice-fields of northern 
Greenland and determined the limits of the island toward 
the pole. 
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Fig. 97.— An iceberg in tlie Nortli Atlantic. 

126. Icebergs. — When a Greeidand glacier, several hun- 
dred feet thick, enters water which is deep enough to buoy 
it up, great masses separate from the frontal part and float 
aAvay. These are carried southward 1)y ocean currents, often 
as far as the temperate latitudes, where their fleets put in 
jeopardy the summer navigation of the Xortli Atlantic. 
The danger comes at this season, because until the late 
spring the northern watei's are locked in ice which has 
formed over their surfaces during the winter, and the frag- 
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Jnt'iits of the glacirr can get no release. The thinner ire 
formed by the freezing of sea water, and afterward drifting 
with wind and cnrrent, is called floe-ice. Even this travels 
far down into tlie open sea. The Polaris party of about 
twenty persons, who found themselves adrift on a lloe in 
October, 1873, were picked up in April, 1S73, having drifted 
for a distance of 2,000 miles. 

137. Antarctic ice-fields. — A sheet of ice much larger 
than that of (Greenland is believed to occupy lands sur- 
rounding the south pole. The interior has never been ex- 
plored. Some navigators have coasted for long distances 
in the south seas along the preci^iitous edge of this ice- 
sheet, whose clitis rise from 100 to 300 feet above the water. 
Expeditions are now setting forth from England, Scotland, 
Sweden, and Germany, for the purpose of adding to our 
knowledge of this region, which is the largest unexplored 
area, yet remairiiug on the earth's surface. 

128. Conditions necessary for the formation of glaciers. — 
The Kocky iloantains are as high and cold as those of the 
Pacific States, but their glaciers are comparatively few and 
small. The difference is due to the abundant moisture 
and heavy snows of the Pacific belt and the greater dry- 
ness of the mountains far from the sea. There is a similar 
contrast between interior Alaska and its southern border. 
There are no glaciers upon the mainland of northeastern 
Xorth America, while (ireenland is nearly covered with 
ice. Greenland is no colder, but has more abundant snows. 
The Alps lift their great ridges and peaks into high alti- 
tudes, and thus stop and cool the cloud moisture from the 
hot Mediterranean until it falls as snow. A cold climate 
and abundant snowfall are thus essential to the making of 
glaciers. 

129. The glacier's work. — We have seen that a glacier 
tears away rocky material and carries it to consideralde 
distances. We shall offer no explanation of the motion of 
a substance so brittle as ice. This is a difficult question, 
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und for discussions of it the student is referred to text- 
books of geology. But no one doubts tliat glaciers move, 
dig into tbe crust of the earth, and carry stones and finer 
waste a distance of a few or even of hundreds of miles. A 
moving, hea\'y body like a glacier grinds powerfully u])on 
its rocky floor, until its base becomes shod with stones. 
These stones held Ijy the glacier are like tools, and they 
both tear up boulders of the bed-rock and grind rocky 
flour from its surfaces. In mountain valleys the slopes 
rise steeijly above the glaciers, and much nuiterial falls on 
the surface. The rocks carried on and in the glacier or 
l)ushed at its base lodge where the final melting takes 
place, forming moraines. The subglacial stream carries 
out large amoiints of the finer waste. We shall later see 
how glaciers mold the land surface into various forms. 

130. Summary. — A glacier is a mass of moving ice, in 
a valley, or widely spreading over the land. It can be 
formed only in regions of considerable cold and large snow- 
fall. At the present time glaciers in low latitudes are 
found only at considerable heights, while those of the polar 
regions often descend to the sea. They accomplish many 
changes upon the earth's surface by wearing the rocks, 
by stirring and changing the soils, and by depositing their 
loads in hills and sheets of land waste. Some of these 
changes we shall now study more fully. 

The Glacial Period 

i:n. Evidences of a continental glacier in the United 

States and Canada.— The land waste and the land surfaces 
of the northern United States often resemble those found 
in a regioi^ of present glaciers. This is so widely true as 
to show that great glaciers once covered the face of the 
country. We are now to study some of the proofs of these 
earlier glaciers. 

133. The drift. — If avo examine a field in Maine or New 
York, or northern Indiana, or Iowa, we shall find the stones, 
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the soils, and the subsoils often consisting of different ma- 
terial from tlie underlying bed-rock. Pebbles and cobble- 
stones, small boulders and great ones, even to hnudreds of 
tons in weight, are scattered over the surface or buried in 
the finer waste. Bed- 
rock like these loose 
stones may be found 10, 
20, 50, or even some 
hundreds of miles away. 
In a given place all 
the boulders have come 
in about the same di- 
rection from the parent 
ledges. In Xew Eng- 
land the stones have 
traveled southeast or 
south. In New York 
the direction is south 
or southwest, and in 
Iowa south. These are 
" erratic " or strayed 
boulders, once moved 
by a glacier, as the Ma- 
laspina Glacier is now 

carrying stones from ilount St. Elias to the sea-border. 
Many of the stones, however, are like the rocks below, and 
these have been carried only a short distance. 

It was formerly thought that these stones were brought 
over the lands l)y a great flood. But no explanation could 
be given of the origin of such a flood, and the fact was 
quite overlooked that the boulders commonly lie in finer, 
clayey waste, in which coarse and fine are mixed without 
order. If the mass had been deposited by water, it would 
have been sorted into coarser and finer layers, as is always 
the case with such deposits. Such a formation of clay and 
stones packed in without sorting or order, known as Till or 
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FiG. 98.— An LTiatic , a bouldir of i^^ranite, 
about twenty feet across, ciirrird frmii the 
Sierra Nevada to Mono Va]lry Iiy an ancient 
glacier. 
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Boulder Clay, is one of the best proofs tli;it the region 
where it is found has been covered by a glacier. Tlie 
ice moves slowly and heavily over the country, plows 

and grinds the bed-rocks, 
;■• and mixes rock waste of 

various sizes and from va- 
rious sources. 

There is another ele- 
ment in the Drift. A gla- 
cier is always melting ; and 
the water tliat pours from 
to}) to bottom of the ice, 
or flows under the ice and 
out from its front, carries 
clay, sand, and pebbles, 
whicli are laid down in lieds 
or strata. Thus we have 
the stratified, or, as it is 
often called, the " washed " 
drift. 

133. Glacial scratches. — 
Many of the Ijoulders and 
pebbles of the till are found 
to be Glaciated, or nuirked 
witli parallel scratclies. 
Often they look as if en- 
graved with a sharp needle. 
Sometimes the scratches 
are deep and rough. A 
marked polisli is seen on 
some stones. If we dig 
through the subsoil to the bed-rock, we shall often find 
the latter scratched in the same way (see Fig. 100), or 
even deeply grooved and carved into flutings and mold- 
ings. The glacier, shod with stones at its base, drags 
these over the bed-rock, and thus both the moving frag- 




i'lu. U9.— A bank of till ; Bau.'or, Pa. 
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ments and the floor over which they move are polished 
and i^Taveii. 




Tl Ml 



The direction of tlie scratches corresponds to that iu 
which the erratic boulders have been moved, and so, put- 
ting these and other facts together, we have full proof that 
glaciers have done the work. 

Sl'EFACK FOEIIS DUE TO GlACIEES 

134:. Karnes. — In l\e^v England, in central and western 
Xew York, in Ohio, Indiana, ^A'isconsin, and other Xorth- 
ern States are found clusters of sand- and gravel-hills 
(Fig. 101). Sometimes they are high and have steep sides. 
If we dig into them we find irregular layers, generally of 
sand, gravel, or coarse stones. Excavations for building 
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and road materials are common. Cemeteries are often 
placed upon such hills, because they are always perfectly 




Fig. 101. — Karnes ; near North Acton, Mc, 




Pio. 102.— An esker; near Enfleld, Me. 



drained. Mount Hope Cemetery at Eochester, X. Y., is a 
case of this kind. Such hills are called Karnes, a Scotch 
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term. Similar hills are now 
being formed at the wasting 
edge of the iliiir li lacier. 

135. Eskers. — Long, nar- 
row ridges of sand and 
gravel are sometimes found. 
Often they are winding, and 
the same ridge may be 20 
feet high in one place and 
50 feet in another. They 
have steep sides, and are 
often bordered by swampy 
grounds. Eoads are some- 
times carried along their 
crests. Such ridges, of re- 
markable length, are found 
in ilaine. Others occur in 
southern New England and 
Xew York. They are called 
Eskers, an Irish term, and 
are believed to have been 
made hy streams flowing in 
tunnels under the ice. 

13G. Drumlins. — In east- 
ern Massachusetts, in west- 
ern New York, and in Wis- 
consin are many hills, made, 
not of sand or gravel, but of 
boulder clay; in shape either 
round, oval, or elongated, 
and everywhere smooth and 
outlined by simple curves. 
Fig. 103 shows a character- 
istic form. They are called 
Drumlins, also an Irish term ; 
large numbers of such hills 
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are found in Ireland. They occur only in lands that have 
been modified by glaciers, and are believed to have been 
formed under the ice. Those of western A'ew York are 
very long and have narrow crests ; they may be seen from 
the railways between Syracuse and Eochester. 

137. Wash plains. — The southern part of Marthas Vine- 
yard is a low plain sloping southward to the sea. The 
north part of the island is hilly with moraine, and marks 
the position of the glacier front when the ice overspread 
Xew England. The plain was made by the streams that 
came from beneath the ice as they wandered this way 




Fig. 104.— a iiicjuriluin spur smoothed and romuk-il 



and that and dropped their load. :\Iany such plains are 
found in the Northern States, and the process of their 
making may be witnessed at the margins of many glaciers 
of Alaska. 
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138. Rounded and fluted rock hills.— If a region is marked 
by deep valleys and high hills, and a great glacier comes 
over it, the overriding and grinding of the ice Avill suljdue 




Fig. 10.).— Tanlunme Monument, a pc.lk of the Sierra Nevada, \\'orn pmootli liy an 
overriding glacier. 



the hilltops and hillsides, scour away frail ridges and sharp 
summits, and leave it a region of oval crests. Such hills 
are shaped like druDilins, but are often much higher and 
steeper, and, unlike the drumlins, consist of bed-rock, ex- 
cept the surface coating of boulder clay. They ofteji show 
a somewhat fluted surface, the fluting being parallel with 
the longer axis of the elevation. The Adirondack summits 
(Fig. 1.30) and the granite dome shown in Fig. 10.5 are ex- 
amples of glacial rounding and smoothing. 

A similar change is wrought in valleys which have 
such jiosition that the moving ice follows them lengthwise. 
Projecting angles are pared away from tlieir walls, and 
in time they become smooth-sided troughs with broad- 
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ly curved bottoms. The walls of Seneca Lake V'alley (Fig. 
43) were smoothed and straightened in this way, and the 




Fkj. lOG. — Gibbs Canyon, a U ti iiuh ul the Sierri ^t\afla L unpm with Fig. 107. 

highland east of the valley illustrates the rounding of hill- 
tops by an overriding ice-sheet. 
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Pig, 107.— <;'roPfl-proflIc nf Gibbs C'lHiydn (Fi,L,^ W>\ sho\\\u-j: fanner i^lncirr. a A ■■ is 
the channel worn out by the glacier. After Ibc i^ljuior disappeared the channel 
was partly filled by waste from the elopea above a and f. Scale, 1 inch= l,S00feet. 



GLACIERS 



141 



139. U-troughs. — Mountain glaciers also mold their val- 
leys, giving tlieni broad floors curving upwiird at the 
sides su that the cross profile resembles a wide U. The U- 
trough is as characteristic of ice work as the V-gorge is of 
water work. See Figs. 106 and 107, and also the view of 
the Iihone A'alley (Fig. 254), where the spoon-like trough 
once occupied and shaped by the glacier is beautifully 
shown. 

liO. Giant kettles. — We have seen how the plunging 
and swirling water of a river drills holes in the rock (Sec. 
o2). Pot-holes are also drilled 
by the streams which drop 
tlarough wells from the top to 
the bottom of a glacier. Fall- 
ing hundreds of feet, the streams 
acquire great force and are able 
to excavate pits of astonishing 
size. At Cohoes, N. Y., are sev- 
eral which measure from 10 to 
30 feet in diameter, and these 
held ponds and swamps after the 
glacier which made them had 
disappeared. In clearing out 
the swamp muck from one of 
these, to find firm foundation 
for a mill, the skeleton of a fos- 
sil elephant was discovered. 

141. Lake basins. — In the 
northeastern Ujiited States are 
many thousand lakes. Ten thousand arc found in tlie sin- 
gle State of Minnesota. Sucli regions as the Adirondacks 
and eastern Massachusetts arc thickly set with them. Un- 
nirmbered thousands are found in the provinces of Canada. 
Almost witliout exception, tliese marked features of the 
landscape are due to glacial action in some form. Wlier- 
ever, as on Cape Cod, great quantities of waste are left 




Fig. 108.— Pot-liolcs drilled in gran- 
ite under an ancient glacier ; Si- 
erra Nevada. 











Fig. 109. — Shapes of valley and mountainside ^vl■(>^leht li_v a i-dacier. Only tlie liigli 
crags \Yere abo-\'C the ice. Sierra Ne\-ada. 
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irregularly as moraines, many hollows occur which will 
hold water. Sometimes remnants of the wasting ice-sheet 
have been buried by the gravels of a wash-plain. This ice, 
melting out at last, has left a basin. Many lakes with 
steap rims, in the midst 
of much glacial waste, 
arc known as Kettle- 
hole Lakes. 

In highland regions, 
plateau or mountain, ^ 

the valleys were often 
clogged with drift, and 
parts of them tliirs 
turned into lake ba- 
sins. Most of the i\di- 
rondack lakes can best 
be explained in this 
way. 

Glaciers are so heavy 
and move with such 
power, that they will 
scoop out basins in the 
solid rock. The lakes 
shown in Figs. 109 and 
110 lie in bowls thus 
hollowed out by glaciers, as also do some of the Alpine lakes. 
The Finger Lakes of western A'cw York are partly to be 
thus explained, and nuiny lakes in the highlands of Canada 
lie in rock basins dug out by glaciers. Even the Great 
Lakes of the St. Lawrence system are believed to owe much 
of their depth to excavation by the great ice-sheet. 

History of the Glacial Peeiod 

The full story of the ice invasions belongs to geology, 
but since it is a very late chapter in the history of the 
eartly and tells much of the shaping of the present surface of 
11 
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Flu. no.— Lake ba^^in hollowed from the rock 
by a glacier ; Kocky Moujitains, 
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the lands, it is important for geography also. We Imve 
just studied some of the changes that glaciers cause, and 
we shall understand them better if we review, in a con- 
nected way, the story of the Glacial period in our own con- 
tinent. 

142. Gathering and advance of the ice. — At the begin- 
ning of the period of cold, deep snows gathered and ice 
was formed on broad uplands of Canada. As the cold in- 
creased, the areas of ice formation grew larger, and the ice 
also spread by flowing outward about its edges. The ice- 
centers were not among high mountains, but the ice grew 
in thickness until, like a mass of pitch, it was forced to 
flow by its own weight. It spread in all directions, and the 
south edge crept out over what is now the boundary of 
Canada and invaded the region of the United States. How 
far it reached can best be understood by studying the map 
(Fig. 111). The line of its extreme limit, which geologists 
have traced with care, traverses the southern border of Xew , 
England, crosses New Jersey, Pennsylvania, and southwest- 
ern ]S'ew York, and then follows a crooked course north of 
the Ohio Elver. It nearly follows the Missouri Eiver across 
Missouri, and then runs northwest through Nebraska, the 
Dakotas, and Montana. Much of our Western mountain 
region, where now a few remnant glaciers are found, was 
covered with ice, continuing into the greater ice-fields of 
British Columbia. Xorth of this line are the till, the 
traveled boulders, plains and hills of washed drift, abun- 
dant lakes and waterfalls, glacial scratches, and many other 
signs of a glacier. South of the line these are absent, and 
both the soil and the land forms contrast with those on the 
north. The mantle of waste at the south is made almost 
wholly by the decay of the underlying rocks. There are 
no glacial scratches, no erratic l)oulders, and few lakes or 
waterfalls. 

143. Glacial epochs. — As shown by the map, tlio ice out- 
line had different forms at dill'orent times. The two forms 
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there represented are the ones best known, hut there were 
niiiiiy clianges. 8ometimes the glacier melted off far to the 
north, and then more snows came for a long time, and the 
ice gathered and pushed on again. All this required a long 
period, as wo count time ; but the important point for us 
now to grasp is, that the ice served as a powerful plow or 
scraper to stir the rocks and soils, move materials from 
their sources, and make over the surface of the lands. 

144. Glacial lakes. — Let the student trace on a majj the 
line of water-parting, or the divide, that separates the Great 
Lake drainage from the Mississippi, Susquehanna, and 
Hudson River systems. Let liim also remember that the 
ice in the time of its farthest How to the south passed con- 
siderably beyond this divide. While it was first melting 
off, therefore, the waters flowed mainly into the Mississipjoi 
and Susquehanna basins. When the glacier had melted off 
in the vicinity of the present Chicago and Detroit to points 
north of the divide, the eastern region about the Mohawk 
and St. Lawrence valleys was still full of ice. It will 
readily be seen, therefore, that there were lakes gathered 
between the divide on the south and tlie wasting glacier on 
the north. As the ice melted farther back these lakes be- 
came greater in size and often changed much in form. 
But in time the ice melted out of the ^lolnnvk Valley in 
Is'ew York, and the drainage of these glacial Great Lakes 
poured out Itetween tlie Adirondacks and Gatskills to the 
Hudson and the sea (see Fig. 112). Still later, the glacier 
melted out of the St. Lawrence Valley, and the (ireat Lakes 
came to their present levels and forms. This is a short 
review of the liistory, leaving out a multitude of the lesser 
changes. But even this short story helps us to understand 
two features of the Great Lake region. One is the old 
lake beaches which are found, sometimes several hundred 
feet above the present lakes, and at varying distances back 
from their sliores. Tlio otlier is tlie flat, lands of silty or 
clayey soil found about the edges of the lakes, as in nortli- 
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western Ohio and southern Ontario. They are lake bot- 
toms turned into habitable and often most fertile lands by 
the drawing down of the lakes. 
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145. Changes since the disappearance of the ice. — The 

rivers, the winds, and all the processes of decay have been 
at \york breaking down the rocks, accumulating the soils, 
and changing the land forms. Valley bottoms covered with 
coarse waste by glacial streams have been mantled over with 
the fine muds of river flooding. In swampy districts plants> 
including their stems, leaves, and fruits, have lodged and 
decayed, making beds of black soil or of peat. Many shal- 
low lakes formed during the glacial invasion have been 
filled by such vegetation, and by fine muds brought in li_v 
streams. Tlic " vlies "' or natural meadows of the Adiron- 
dacks mark such filled lake basins, and they can be found 
everywhere in the northeastern Ignited States. 

Madiy lakes which remain liavc their l)0unds narrowed 
by deltas Iiuilt at tlieir heads (ir along their shores wlicre 
streams enter. A great number of deep gorges have been 
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cut out by streaius since the glacial time. Reference was 
made to uiauy of these in Cliapter III. Here belong 
Xiagara, Trenton, Ausahle, and a multitude of more local 
fame. 

IJ-C;. Changes in the course of rivers. — Mucdi waste was 
lodged in valleys, either at certain points or for long dis- 
tances. Hence rivers often could not resume their ancient 
paths and sought out new ones, following the lowest levels 
they could find. The Mississippi was thus, as we have 
seen, forced out of its old, open valley, at Minneapolis, and 
is gradually reducing the grade of its new course by cut- 
ting the gorge that runs to Fort Snelling. Before the 
Glacial period much of western Pennsylvania drained to a 
valley where now is Lake Erie, and the ujiper valley of the 
Missouri found outlet to Hudson Bay or the Gulf of St. Law- 
rence instead of to the Mississippi and tlie Gulf of Mexico. 

Much of the effective water power of the Northern States 
is due to such changes. The old valleys had low, graded 
bottoms, but Ijloekades of drift made the water flow across 
at higher levels. In tlie making of new valleys rocks were 
encountered, and waterfalls and rajjids result. Water power 
is most effective when, by diverting the water for a sliort 
distance through a raceway, it can be given a plunge of 
some height. Just such conditions were brought aJjout by 
the glacier at Lowell, Fall Eiver, Ilolyoke, Bellows Falls, 
Trenton Falls, Xiagara, and in a multitude of lesser cases. 
Many features of natural scenery in whiuli we most delight 
have thus come into existence by the direct iniluence of 
the ice invasion. 

147. Effects on soils. — We have seen that soils will de- 
velop by rock weathering and the admixture of decaying 
plants over nearly all lands. The exceptions are slopes too 
steep to retain waste, and areas too dry to support plants. 
The glacier, however, affecteil soils in several ways. It 
added much to the amount of available rock waste by 
grinding material from the rock surfaces, and making it so 
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fine that it could readily be dissolved by water, and so taken 
up by the rootlets of plants. It also stirred the old soils and 
mixed them with foreign matter, often greatly enriching 
them. Limestone was often ground up and pushed on to 
mingle with the somewhat barren soils of a sandstone region. 
We may refer here also to certain other useful mate- 
rials of glacial origin. The most common source of build- 
ing sands, of brick clays, and of road-making gravels is 
in the drift. Multitudes of glacial boulders, while a hin- 
drance to tillage, have been gathered into fences and foun- 
dation walls, and the walls of the first granite building in 
the United States, Kings Chapel in Boston, are of dressed 
granite boulders. 

148. Effects on animals and plants. — Botanists know that 
plants are grouped largely according to the nature of soils 
and their situation. Swamps have their plant societies, as 
also the sand-hills, and the clayey uplands. Thus, by de- 
termining land forms and soil, the glaciers have influenced 
the groujungs of herbs and trees, and through these the 
settlements and industries of man. We must not forget 
that long before the ice invasion the land was mantled 
with plants, and was the home of a multitude of animals 
of lower order than man. All these had to change their 
home gradually as the icy winter spread over the lands. 
In such forced migration many kinds of living things would 
be overwhelmed, and, when the ice liad gone and life re- 
sumed its sway over the lands, the kinds and groupings 
were different from those that had existed before. 

149. The Glacial period in Europe. — All of northern 
Europe was shrouded in ice. Scandinavia, the British 
Islands as far south as tlio Thames Valley, the Xorth 
and Baltic Sea basins, northern Germany and northern 
Kussia, were occupied, and changes were wrought similar 
to tliose in Xorth America. The glaciers of the Alps Avere 
much greater than now, flowing out upon the plains of 
northern Italy, northern Switzerland, and southern Bavaria. 



CHAPTER VII 

PLAINS 

All continents are composed in part of low and compar- 
atively level ground, and in part of hills and mountains. 
Xo sharp lines of separation can Ijc drawn, but this will be 
best understood as we study special cases. 

Marine Plains 

150. The Atlantic coastal plain. — Southern New Jersey 
is a low, flat country, and, excej^ting a narrow strip along 
the Delaware River, slopes gently southeastward to the sea. 
It is a sandy region, with sluggish rivers and many swamps, 
and is largely covered with scanty forest. If we dig below 
the surface we find beds of sand, gravel, and clay, not yet 
bound into firm rock, and, like the surface, sloping gently 
down to the ocean border, where they are continuous with 
beds of coarser and finer mud that descend beneath the 
salt waters. In these uncemented rocks are shells and 
other animal remains, which (dosely resemble those gather- 
ing on the bottom of the sea at the present time. Except 
that it is exposed to the air, has some coating of soil and 
plants, and has been slightly roughened by streams, south- 
ern Xew Jersey is like a sea bottom, and hence we conclude 
that not long ago in the history of the earth it was a sea 
bottom. Such a belt of new land we call a C^oastal Plain. 

All of Delaware belongs to tlie same plain, and also 
mucli of Maryland, east and west of Chesapeake Bay. The 
plain includes eastern, or " Tidewater " Virginia, as far 
west as Richmond. The same uncemented deposits, con- 
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taining ocean shells, are found, and they incline, or di^j, 
gently toward the coast line. Many bluffs on the borders 
of Chesapeake Bay show these beds well. The chief streams 
run to the southeast in shallow valleys, and the low bordering 
bluffs are often notched by the valleys of tributary streams. 
Between tlie watercourses, however, are blocks of flat coun- 
try, not traversed even by rivulets (see Fig. 44). The rain 
which falls on these surfaces drains away by underground 
movements. Eoads and villages are more often laid out 
on the interstream areas than in the valleys. 




Fig. 114.- 

Similar is the Atlantic Coastal Plain in the Carolinas 
and Georgia. There it is about 100 miles wide, and ex- 
tends as far as Ealeigh and Columbia. Washington, 
Philadelphia, and Trenton also mark its western limit. 
The tide enters the rivers nearly or quite to these cities. 
Beyond them the country is higher and rougher and the 
streams flow more swiftly. On one side is the jilain with 
its muds and half-cemented beds of sand, its navigable 
and sluggish streams and its flat uplands of small eleva- 
tion. On the other side are hard rocks with worn and 
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iineven surfaces, rising gradually to tlie base of tlio Ap- 
palachian Mountain ranges. This line, as already men- 
tioned, is known to geographers as the Fall Line (see pages 
65 and 70). There are rapids in some of the rivers, as 
they pass frona hard to soft rocks, and the association of 
water-power with the up-stream limit of navigation has 
caused many cities and towns to grow up. 

It will be remembered that the resemblance of Chesa- 
peake Bay to a branching river was explained Ijy saying 
that the Coastal Plain had sunk down so as to let the sea 
flow into the Susquehanna Valley. Because we now point 
out that the plain is an old sea-l)ed which has risen, it must 
uot be thought that one fact contradicts the other. Both 
changes have taken place, but at different times. After 
the plain had been formed under the sea it was lifted so 
high that rivers dug deep valleys across it ; then it was 
lowered part way, to the present height. Such risings and 
sinkings have much to do with the shapes of coasts and 
coastal lands. 

Because America was discovered from the east, it was 
natural that settlements should be earliest made on the At- 
lantic border, and should thence extend across the easily 
traveled lowlaiuls. The tidal rivers enabled boats to bring 
the manufactures of England direct to almost every plan- 
tation, and to receive in exchange the colonists" crop of 
tobacco. Various parts of the Atlantic plain differ much 
in soil and climate, and hence in occupations and in deii- 
sitv of population. Such deposits as underlie this l)clt do 
not afford metals or coal, hence there is no mining indus- 
try ; but in Xew Jersey and elsewhere they include clays 
which are much used for pottery and brickmaking. The 
country nearer the shore is usually sandy and little suited 
to agriculture, so that great tra.cts are still clothed with 
theii- origiiud pine forests, as in southeastern Xcw Jersey 
and eastern \ortli Carolina and (^eorgia. At the south, 
lumber, tar, and turpentine are important products of 
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forest lands. Other j^arts of the plain, especially at some 
distance from the sea and along the Fall Line, have richer 
soils, and are farmed to great advantage. In them grow 
the fruits and vegetables which supi3ly the early markets 
of the great Atlantic cities and inland towns. Such a rich 
district is found in Xew Jersey, in the narrow belt which 
drains toward the Delaware Eiver near Philadelphia. Here 
the subsoils often hold deposits of marl, which is used as a 
fertilizer. Far to the south, cotton is an important crop, 
and rice is grown on coastal lands and sea islands of South 
Carolina. 

The student should refer to Section 101 for definition of 
artesian wells. A coastal plain oifers all the needed con- 
ditions — continuous, gently sloping beds, of which some 
are fine and close, not allowing the easy passage of water, 
and others are porous and open. Hence the wells are an 
important source of sup|)ly for the towns of eastern and 
southern Xew Jersey. In such a region pure surface-waters 
can not readily be obtained. 

151. Siberian marine plain. — The largest plain in the 
world forms the north and west parts of Siberia. It is dif- 
ficult to appreciate the size of Siberia as a whole. It has 
been said that if the United States were spread out upon 
it, enough land would be left to hold all Europe, save 
Kussia, with a space larger than the German Empire yet 
to spare. Northwestern Siberia, to a widtli of 1,000 miles 
or more, is a smooth plain sloping imperceptibly northward 
to the borders of the Arctic Sea. As the rivers flow north- 
ward, their lower courses are often bound in ice while their 
upper parts are open, and this leads to ico-jams and great 
flooding of the plains. The divides between tlie streams 
(Sec. 31) are ill-defined and variable. Shallow lakes and 
cpuiking marshes are of large extent. The water from the 
marshes between the Ob and Yenisei flows sometimes to 
one river and sometimes to the other, according to the 
direction of the wind. From about the sixty-ninth parallel 
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northward the plain is a Tundra, or frozen prairie. The 
cold of winter lasts longer there than the warmth of 
summer, and controls the condition of the ground. To a 
great and unknown depth the subsoil is forever frozen ; l)ut 
in the brief summer the snows melt away and a few inches 
or a few feet of the soils are unlocked by the sun. Grass, 
mosses, swamp plants, and stunted berry bushes grow raj)- 
idly, and this scanty vegetation, with fish from the rivers, 
supports the scattered and miserable population of this 
cheerless region. A few reindeer constitute riches, and 
these, for two-thirds of the year, live by pawing the snow 
cover from the mosses of the plain. 

The tundra of Siberia has half the area of the United 
States. It gra<lually passes into a vast forest zone lying 
between the sixtieth and sixty-ninth parallels. Much of 
the timlier is already exhausted, but the hunting of fur- 
bearing animals is an important industry. The forest belt 
is temperate in climate, as is a narrow but imi)ortaut zone 
of good agricultural land lying to the south of it. The 
latter is also rich in minerals. In western Siberia the plains 
cross all the zones now described, and embrace the hot, dry 
region about the Aral and Caspian seas. 

This vast jilain is marine, and young. Xot long ago, as 
geologists count time, it was sea bottom, and by gentle ele- 
vation of northwestern Asia it has become land. Its sur- 
face parts indeed have been somewhat modified. Rivers 
wandering over its northern floors have spread land waste. 
Tlie peaty accumulations of swamps have gathered upon 
it, and in the dry regions of the south the winds have 
worked over the surface materials. But below the thin 
sheets of later deposits the beds are marine, and the land 
has never been far above the sea-level. 

Lake Plains 

152. Red River valley. — The Red River forms the 
boundary of Minnesota and North Dakota, and flows 
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thence through Mauitolja to Lake Winnipeg. The stream 
meanders in strong curves, and lias scarcely sunk its chan- 
nel below the surface of the land, which is so flat that one 
may travel for miles without rising or descending through 
a vertical interval of 20 feet. Thus the valley, so called, 
is a smooth plain, sloping faintly toward the river, from 
the east in Minnesota and from the west in A'orth Dakota. 
The soils are everywhere flue and rich, and bed-rock is 
nowhere to be found. The fields are readily tilled and 
produce enormous quantities of wheat, for which the re- 
gion is famed. 

The student should now recall tlie account of glacial 
lakes given in Section 144. As large lakes formerly cov- 
ered lowlands of Ohio and Xew York, so a vast lake lay 
in the valley of tiie Eed River. It had its outlet where 
now are Ijig Stone and Traverse lakes, at the south end of 
the valley, and drained down the valley of tlie Minnesota 
Eiver. Its northern boundary was the southern front of 
the glacier. As the glacier melted off , the lake grew larger, 
until it was several hundred miles long. Over its bottom 
settled the muds that came from the glacier and the ad- 
jacent land. Lake Winnipeg is a remnant of this greater 
lake, which is called Lake Agassiz, in honor of Louis 
Agassiz, the first to recognize the traces of ancient glaciers 
in North America. When the Lake was largely drained off, 
by the removal of the glacier, its bottom becanii' tlie Lake 
Plain we have described. 

153. Great lake plains. — The traveler on the Xew York 
Central Railroad crosses flat ground between Rome and 
Syracuse. To the south are the bounding hills. To the 
north stretches the plain (Fig. 115). It is the bottom of 
the older Lake Ontario and marks the time of its outflow 
through the Mohawk Yalley. If we could draiu Lake 
Ontario, its present bottom would form a similar l)ut much 
larger plain. Along the Rome, Watertown and Ogdenslmrg 
Eailroad, east of Niagara Falls, the Lehigh and other lines 




Fiii. 115. — Plain of the old glacial lake of the Ontario basin ; east of Niagara Kiver. 
Fig. 112 gives a map of the laUe, and Pig. 113 its shore. 
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east of Buffalo, the Grand Trunk in southern Ontario, and 
various roads crossing northei'n Ohio, the same flat grounds 
stretch out for long distances. Whatever may have been 
the inequalities of the earlier surfaces, they are subdued 
and hidden by the covering of lake muds gained at the 
close of the Glacial joeriod. 

154. Great Salt Lake plain. — Great Salt Lake has an 
area of about 1,700 square miles. It is very shallow, but 




^m.^SiSif'^ ^>i«nwlii!.^r; 



Fig. no.— S)inrL-.s of Lake Bonneville, near (Jarfleld, Utah. Tlie water stood at 
various levels, eiiabliiij; the waves to wash out shore terraces at different heiehts. 
See Sec. 154 and Chap. XIV. 
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which was as largo as Lake Huron, and was more than 
1,000 feet deep. The principal proof of such a lake is in 
the presence of shore-lines on the lower mountain slopes 
(see Fig. 110). The reason that so large a lake existed is 
that the climate was formerly much more moist in that 
region; hut with the change to the present climate the lake 
dried away, until only Great Salt Lake is left. As evap- 
oration can remove only pure water, all the mineral sub- 
stances which were dissolved in the greater lake remain in 
the smaller, and its water is a strong lu'ine. The ancient 
body of water is known as Lake Bonneville, having been 
named in honor of Captain Bonneville, an early explorer 
whose journals were afterward edited by AVashington Irving. 
155. Other lake plains. — We have now studied three 
illustrations of level lands of this kind — one in the East, 
one i]i the Northwest, and one in the far West. In the 
first case large lakes still remain. In the second case, as 
also in the third, a lake of moderate size is left. Surface 
drainage has uncovered the Eastern and Northwestern 
plains, and evaporation has brought the AVestern to light. 
Wherever a swamp or meadow is found rimmed alxjut with 
higher land, a lake has probably existed and has disap- 
peared by the filling of the basin with mud or the draining 
of! of its waters. Such small lake jilains are numerous in 
all the region of the ancient ice-sheet, and they are often 
found in the high mountain valleys of the West. 

River Plains 

The alluvial plains of rivers, and their deltas, great and 
small, must be classed here. We readily see there is no 
sharp distinction between great river deltas and the adja- 
cent coastal marine plains, as wliere the Mississippi delta 
merges into the other lowlands of our Ciulf region. 'I'he 
rivers of Siberia, flooding wide districts of the marine 
plain which they cross, illustrate this cooperation of river 
and sea in shaping lowland surfaces. 
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15(;. Central valley of California. — Roforenco has already 
been made (Sec. 01) to this region, but we return to it in 
this connection as a fine example of a river plain nuide not 
by one bitt by many streams. The numerous branches (jf 
the trunk rivers have .shifted their courses again and again, 
and thus sjjread widely the waste from the mountains. 

AVoKX-DOWK" Plains 

We have already given an account (Sec. 45) of the 
gradual wearing down of a river basin by the meander- 
ing of the streams and the weathering of the lands be- 
tween. If such wasting were continued long enough a 
perfect plain would be produced. But as the slopes be- 
come gentle tlie wasting becomes very slow, and it is not 
known that the work has ever been carried to completion. 
Because the worn-down plains are imjierfect, tliey are 
sometimes called Peue-plains, a word meaning " almost 
plains." The part of the Hudson Valley shown in Pig. 11 is 
a good example. 

157. Piedmont plain. — Bordering the Atlantic Coastal 
Plain is a Ixdt of land originally high, wliich has been re- 
duced to an uneven lowland by the slow wasting of its rocks. 
Lying at the eastern foot of the Apjialachian Mountains, it 
is called the Piedmont plain. The material it lias lost has 
helped to build up tliat part of the sea bottom A^'hich is 
now the coastal plain, and since the uj^lifting of that plain 
it has been trenched by the rivers from the mountains. 
It is further diversified by hills nnirking the position of 
rocks which have exceptional ability to resist the attacks 
of storm and frost. 

PlAIXS of XOKTn AMRKIfA 

The principles which have been explained by reference 
to a number of scattered regions may now l)e i)rofitably 
applied to a short study of the lowlands of tlie interior of 
our own continent. Let us remember that Xorth America 
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is Ijoi'dcrcd on the west and east by great belts of moinitcuu 
and })laieaii. Between these, from the Arctic Sea to the 
(iulf uf ^lexico, runs a broad belt of lowland, rising nioiler- 
alely i;>n tlu' Ijorders of Canada and the United States, as in 
Jliniiesota, and sloping gently vq) to the highlands east 
and west. We shall now analyze this area of plains. 

ir,S. Gulf plains.— Tlie Atlantic Plain (See. 150) is eon- 
tinned Ijcyond Georgia in a marine coastal plain, which 
forms the southern part of all the Gulf States, and passes 
through the Gulf lowlands of Texas and down the eastei'ii 
side of ^lexico, to the flat, hot plain between ^'era Cruz and 
the mountains. Here is included western Florida, much of 
southern iVlabama, nearly all of Mississippi, all of Louisiana, 
and a wide belt in Texas. Large parts of the j\lississi]ipi 
and Louisia.na plain are directly shaped by the Mississipjii 
Kiver, and covered by its flood-plain and delta deposits. 

1.5'.). Prairie plains. — The Mississip])i basin is floored 
with old beds of marine rock, and most of it lias never 
been mountainous or raised to a great height. Li tliese 
respects it resembles a marine plain, hut so much surface 
rock has been carried off by weathering and river action 
that no remnant of old sea bottom remains. It is also true 
tliat Ihe uplifting of the sea bottom Avas unequal, and tliat 
tlic parts lifted highest have suffered most wasting, so that 
ill its lo'oader features tlie basin is a worn-down plain. Li 
places also it is veneered and smoothed over with lodse 
materials of various origin, some deposited by glaciers, some 
by lakes, and some in rivers. Prairie is a Fremdi term, 
chiefly a-[iplied to plains in Indiana, Illinois, Iowa, ^Missouri, 
and to some extent to bordering areas, imduding a strip 
tliat on the west extends southward into Texas. These 
lo'ivhinds are well enough watered to bear luxuriant native 
grasses and cultivated cr<ips. 'I'hey are trenclied in a 
shallow way by many streams, and along these most of the 
nativt^ timber is found. The intervening lands may Ix' 
rolling, Init are never high, and are without forests. Tins 
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is not because the soil will not produce them, for it is (lo<'p 
and fertile. The aljseiice of forest lias Ijceu ascrilu'd to 
various causes, among others, to the fires kindled liy In- 
dians to maintain open pasturage for the herds of huf- 
faloes. 'i'eniperate climate, rich soils, absence of forests 
which must be lalioriously cleared, easy tillage, good grades 
for railways — such are some of the conditions wliieli made 
the settlement of the middle West so rapid, and its growth 
in wealth and pojiulation so surjn'ising. Nur should we 
forget that much of the prairie surface has beneath it one 
of the most important minerals, coal. It may Ix' added 
that the prairies merge often into the lake 2)lains aljoul our 
Great Lakes, already described. 
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i'lr-Al riaiiis : riistcrri Cojoritilo Note Ihr 
■K hicluilcs a ■■ra]ic)i." with trees and fields of alfalfa 
riiii/— a rare fi-atiire in tliat dry region. 
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100. Great plains. — This term includes a liroad licit of 
country stretching from Canada to Te.xas. 'IMie western 
border is at the foot of the Rocky Mountains in Montajia, 
Wyoming, Colorado, and southward. On the east it merges 
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into tlie prairies in Dakota, eastern Nebraska, eastern Kan- 
sas, Oklahoma, and Texas. The form of the land is not 
different as we pass from the prairies to the Great Plains, 
but as a whole the plains are drier and higher. The rise 
in height, from a few hundred feet on the east to 5,000 
and 0,000 feet at tlie base of the mountains, is gradual. 
The general slope is so gentle that the eye does not detect 
the inclination. It must not be thought that this great 
surface is a smooth plain, though large districts are nearly- 
such. Weathering, winds, and streams have made some 




Fig. 119.— Tlie Great Plains, Kansas. A sweft potato field cnltivatcl by irrii;atinn. 



parts very rough. It is a plain as compared with moun- 
tains, and its inequalities are trivial in relation to its great 
size. 

Large portions are old river jilains (Fig. 118) built like 
the plain of the central valley of California ; they lie at the 
west, between the modern rivers, which have opened valleys 
at somewhat lower levels. Farther east are river plains built 
by the modern rivers (Fig. 11!)). Ijut tlie greater part of 
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tlie vast area is a worii-down plain ; rooks which wore formed 
hy the sea or by hikes, and afterward lifted and l)eiit, have 
been exposed for ages to the aetion of swinging rivers, and 
have l)een pared away until the grade is even from the 
mountains at the west to tlie central lowland. 

The Great Plains are interrupted in South Dakota by 
till' mountainous group of the Black Hills. In northwest- 
ern Xebraska. and I'exas soft rocks are sculptured into Ijad 
lands (Sec. 82). In Kansas, Colorado, and elsewhere, the 
winds have heaped the sands, and given diversity to the 
surface (see Sec. 112). In western Texas is the Llano Es- 
tacado, a nearly quadrangular, treeless tableland, one-third 
larger than the State of Xew York, and surronndi'd by out- 
ward-facing blutls. It slopes eastward a little more than 8 
feet per mile, and is exceedinglv smooth. 

Ifil. Plains of Canada and Alaska. — ^J'he Great Mains of 
the I'nited States are continued without interruption far 
into Canada. On the east are the hills and a.ncieid. woi'n- 
down nniuntains of the St. Lawrence region. On the west 
rise the great mountains of the Cordilleran system. Hire 
are the plains of Manitoba, Assiniboia, 8askat(diewan, and 
(jther pji'ovinces. A\ heat abounds in the southern provinces, 
anil has been grown as high as latitude 58°, or opposite the 
middle pijrtion of Hudson Hay. In the Arctic parts of the 
continent the plains resemlile those of Siberia, though less 
extensive and more broken by waters. The Yukon VaJloy 
and other parts of Alaska form a tundra (Fig. 120). 

1(12. Summary. — The student has read this chapter to 
little purpose if he has not seen that our oljject is not the 
mei-e descrijition of certain important plain lands in dif- 
ferent continents. They have been chosen in order to 
l)ring out the principles which explain them, and which will 
give us the key to other plains, like the vast, smooth low- 
lands of South America or Australia,. The way in whidi a 
plain was made is one of the most instructive thin,":s that 
we can learn about it. We have seen that, with resjiect to 
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origin, phiiiis arc of several classes : (1) Marine plains, nar- 
row or wide, which are sea l.iottoms made bare by nplif t ; 
(•,') lake liottonis, nncovcred liy di'ainiug away or drying 
away of the water; ('.',) river lands, Ijiult of waste brought 
and spread by rivers ; (4) worn-duwu plains, wrought out 
by the slow wasting of higher lands. We have also seen 
that a vast tract of plains, as in North America, can oidy 
be understood by using all of these principles. 

Still further, it has appeared that plains having the 
same origin have different names (as tundra and prairie) 
because they have diifci'cnt climate. One region is temper- 
ate, another is frigid, and a third is hot ; one is moist and 
another is dry, hence they diifer in kind and abundance of 
plants and aninurl life. So, too, man himself is restricted, 
favored, and variously modified. The ways in wdiich the 
surface of the earth affects the life of our race will he spe- 
cially considered in Chapter XVI. 



CHAPTER YIII 

MOUNTAINS AND PLATEAUS 

MoiTNTAii.rs are not an easy theme for elementary 
study ; they are so great and so strange to many who 
have spent tlieir lives on lowland plains. They are so 
varied, also, that no single definition can be a good one. 
We take up first the mountains of our own country, with 
the high plains, or plateaus, that are joined to them. Our 
purpose in this is to find the great principles concerning 
all mountains. AVe wish to be able to answer such ques- 
tions as these : What is a mountain's form ? How are 
mountains made ? How arc they related to the lower and 
smoother land? What is their history, and how do they 
pass from youth to age, or from high, sharp ridges and 
peaks to low, sulidued hills? How do they affect the life 
of the earth? 

1G3. The Eocky Mountains in Colorado. — As the traveler 
approaches Denver or Colorado Springs from the east, he 
sees, rising on the west, a lofty mountain front, stretching 
far away to north and south. This is the eastern face of 
the Eocky ^tfountains. The plains cease, and the moun- 
tains begin, at heights of .'),000 to 6,000 feet aliove the level 
of the sea. The highest peaks are above 14,000, but below 
15,000 feet. Snow is always seen, even in summer, on some 
of the upper slopes and in the high gorges, but the moun- 
tains by no means apiiear to be snow-covered, like the Alps, 
whose heiglits are about the same. Part wav u]i tlie Pockv 
Mountain slopes timl)er grows (Fig. 121). The upper limit 
is called the Timber Line. It is not a sharp boundary, but 
168 
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Fn.. I-I.— S itl I ( k( lit I il 1> 5IIII feet lii^h. Ill tl s iii Juan Mouiit.i i s II il 
nrailo. TIh' scriivry is of (lie "alpine" type. Tlie lir timber exteiidn to aliuut 
11,500 feet altitude. 
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a belt along the slope, iu which the trees become scattering 
and disappear. This may be taken as a definition of the 
timber-line for all mountains. Above this line for several 
thousand feet, to the top, are crags and ledges of rock, 
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Fig. 132-— Summit of Pikes Peak, Colorailn. 14,100 fccf nbnvc sra-lfvel. There i 
neither veLietation nor soil. Tlie building is a station of the United state 
Weather Bureau. 



mostly granite, and great slopes of angular, sliarp-cdged 
boulders riven from the mass of the mounttiin by frosts 
(see Fig. 122). The average slope is not gretit. The in- 
clined railway ascends from Manitou to the top of Pikes 
Peak at the rate of about 1,000 feet per mile. The student 
should also remember that while this mountain is more 
than 14,000 feet above sea-level, it stands out but 8,000 feet 
above the plains at its foot. 

The rains and melted snows from the well-watered 
mountain range drain down to the dry plains through deep 
canyons which tliey have worn out of the mountain's mass. 
Such are the valley of Clear Creek leading into the moun- 
tains west of Denver, and the Cheyenne and Fountain 
Creek canyons, about Pikes Peak. Stretching out from 
the foot of the range on the cast, are sheets of coarse wtiste. 
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Fir;. l-.'3.— ■>riJ)' i>f tlie Rocky jrountaiiis; in C'olnrado. Scali'. ] inch - 5"2 miles. 
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sand, and gravel. These are deposits made by the mountain 
torrents of present and past times. 

If we pass beyond tliis first, or Front Range, we sliall 
enter a liigh, treeless jilain, known as the South Park. Its 
floor lies 8,000 feet or more above the sea. It is not a 
valley worn out by streams and weathering, but a region 
left at a lower level, while high mountains were lifted upon 




Fig. ]"i4.— Fsfcs Park, Colorado ; an opfTi prairie \alli.'y. fringed w 
roiiiuled by ranges of tlic Roclcy ^Mountains. Altitude, 



th Jiiiiep 
,000 feet. 



the east and west. The climate is cool ; the Park is good 
for grass and grazing, but not for grain or fruit. West of 
South Park is the Mosquito Range, a great lumuitain lidge 
parallel to the Front Range. 

If we go north in Colorado, we shall see that liotween 
the Front Range on the east and the Park Range on the 
west lie the Middle and North I'arks, which are broad. 
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liij;-h valleys like South Park. The Mos(jaito Range may 
he considered as continuing nortli into tlie Park liange, 
and thus we have two hues of mountains enclosing between 
them the tliree parks. We should tliink of each range as a 
tangled belt of higli land, whose ragged oifslioots separate 
the })arks from each other. 

If we go west instead of north, we find the Sawatch 
Eange beyond the Mosquito, with the upper valley of the 
Arkansas River between. The .Sawatch here forms the 
divide between the Mississippi and Colorado river systems. 
Still west of the Sawatch Eange are great knots of high 
peaks, the Elk and San Jiran Mountains. In southern 
Colorado, the Front and other ranges break into different 
arrangements, and are called by other names. 

The important fact is that we have here a chain of 
mountain ranges, running roughly north and south, with 
intervening plains and valleys. The systein is coniplcx, 
somewhat like the tangled and frayed strands of an un- 
twisted rope. 

The Rocky Mountains are lower and less important in 
central Wyoming, but rise to great heights and are strongly 
devi'lope<l in northern Wyoming and Montaiui. Their 
southward continuation in ]S"ew Mexico is somewhat lower, 
and bears various local names. 

1G4. Structure of the Rocky Mountains. — In order to un- 
derstand these and many other mountains the student 
should refer to the two great classes of rocks already de- 
scribed (page 5). The central and higher parts of each 
Rocky Mountain range consist of the crystalline, or older 
rocks. On the slopes— sometimes far up, l.)ut generally 
near the base — and among the footdiills, the stratified 
rocks are found. This will be l)est uiulei'stood by reference 
to Fig. 1'15. It will lie seen that the Great Plains strata 
are nearly horizontal, and turn up at large angles against 
the foot of the range on the east. These upturned edges 
are often a few hundred feet in height above the plains. 
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In the same maiiiior the beds on the west side of each range, 
in the Parks, or on the Pacifio side, are bent up. All below 
and between is granite or some other cr3'stalline rock. It 
is for the text-books of geology to seek to explain how tlie 
mountains are thus made. We can offer here only the gen- 
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Great Plains 



Fig. l'^.'^ — Su'tKMi to sUcnv the aiTanL,^eni('iit LM\'rii to tliu rofks ))y thi' uplifting of 
tlie Kocliy Mountains, ']Miu liasu-lnu' coiTe^iionds to .SL'a-le\ei. Altitndus : in 
MiddlL- rai-k, 8.(100 feet; cn-st of mountain, ].'!,. 500 fwt ; at the edu'e of the 
Plains, 5,.5lJ0 feet. 

eral explanation that great crushing lias taken place, by 
Avhicli the once horizonttd beds are Ijcnt up at vtirious 
angles, and the older rocks were forced up between them. 
Each range is a part of the earth's crust that has been 
raised high up, and each great v;dley is a ptirt that lias l.ieen 
less lifted. 

But crusliingiiud uiilifting tell only half the story. The 
lifting took place a lung time ago, and a vast amount of 
rock has been worn awtiy. Xot only have the mountain 
ridges been reduced in height, tliey have been carved into 
new shtipes. Their gorges and spurs, cliffs and peaks, till 
the details that give character to their scenery, are the 
work of storm, stream, and glacier. 

Pl.vteaus and Mountains between the Ro(;ky Moun- 
tains AND THE Pacific Ocean 

105. The Colorado plateaus. — The Colorado canyons have 
already l)een described (page 71). \Ve now come to the 
plateaus beneath whose surfaces tlie gorges have lieen sunk. 
They are not all at one level, liut differ much in height 
above the sea. Most of western Colorado and eastern I'tah 
and much of New Mexico ;ind Arizona, tire included. This 
gre;it area is limited by the Pocky Jlounttiins on the etist, 
by the Wasatch Mounttiins on the west, :ind by the Uinta 
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^louiitains on the north. Tlio viirious tables are ilivided 
from one another l)y deep gorges, or are arranged like steps, 
eaeh overlooking its 
lower neighbor from 
the top of a elifl:. The 
rocks are stratified and 
mostly horizontal ; they 
constitnte a system of 
great bloeks, separated 
by fissnres and dislo- 
cated so as to stand at 
different heights. Much 
of the region is a desert 
because it is so dry. 
Some of the higher plat- 
forms receive enough 
rain to create rich cov- 
erings of grass and for- 
est. 

160. Wasatch Moun- 
tains and the Great Basin. 
—The Wasatch Moun- 
tains form a short north and south range in central Utah. 
On the east are the Colorado plateaus. On the west is 
the Great Basin, so called because it has no outlet to the 
sea. It is very dry and its scanty waters enter lakes, of 
which Great Salt Lake is the principal one. Its floor in 
Utah and much of Xevada is 4,000 to 5,000 feet above 
the sea. It would therefore be proper to call it a plateau, 
at least its northern parts. To the south it descends, 
and in Death Valley, southern California, is even below 
the sea-level. Parts of the Cfreat Basin are smooth as a 
floor, Ijut this is ]iot its general character. Maiiy moun- 
tain ridges of moderate size run far to north and south 
within it. Each of these originated by the uplifting of a 
dislocated block or strip of the earth's crust, and usually 
1.5 




Fii.. 1.1..- 



r>lld S V}L \K\\ of ])ldtiaL]b ID SOUth- 

eni Utuli. 



ITfi AN INTRODUCTION TO PHYSICAL GEOGRAPHY 

the mass was tijjped toward one side, so as to give that 
side a eomjjaratively gentle slope and make the opposite one 
a bold cliff (see Fig. 128). After uplift came weathering 
and the carving of gorges. The waste from tlie mountains 
has not been carried to tlie sea but has gathered iji the 
valleys between the ranges, giving them smooth floors and 
hiding the rocks beneath. Along each mountainside are 

White House Range . ... . . . 



Fig. 137.— Suction of the House Hanyc (Fig. 128). Scale. 1 inch = 7 miles. Each bed 
—for exaraijle. No. k — \vas once continuous from side to side ; but the country 
i^ now divided into blocks which stand at different heiglits. Block B is lifted 
hi^^ier than any other, and its top has been worn away, so that all of beds i-j and 
;■;, and ]iai-ts of U and .;. are ^'one. Tlic waste is gathered in tile valleys at the 
sides, where it rests on and conceals blocks A and E. 

series of gorge-mouths, from which spread great fans of 
waste, and the fans usually merge together, giving to the 
mountain a sloping foot-iilaiii. The Great Basin is limited, 
north and south, by regions drained by the Columbia and 
Colorado Elvers, but the district of block-like mountains 
and waste-filled valleys extends beyond its boundaries in 
both directions. 

West of the Great .Basin there rises in eastern Califor- 
nia the lofty Sierra Nevada. Not only do its principal 
peaks surpass those of the Eocky Mountains by several 
hundred feet, but its flanks descend to low valleys instead 
of high plateaus. It is a superlative mountain range, at 
once broader, higher above its base, and longer, than any 
other single range of our domain. Like the ridges of the 
Great Basin, it has been uplifted bodily, the east side most, 
so that its broad back drains to the great California Valley. 

1C7. General view of our Western highlands.— The Rocky 
Mounttiins, the Wasatch, the Btisin Eanges, the Sierra and 
the Coast Range, form the mountain uplands. They all 
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have a general north and south direction, but run out or 
cliange into other forms with different names as we go 
northward or southward to the borders of tlie United States. 
Beyond, to the north, they form the mountain system of 
British Columbia and Alaska. Southward they continue 
to the Isthmus of Panama, or, in a broader sense, to Cape 
Horn. As a whole they are the Cordillera of America. 
All western America is a region of mountainous foldings 
and uplifts of the earth's crust. 




Fig. 139.— Map of parts of California, Nevada, and Utah, showing the Sierra Nevada 
and mountain ranges of the Great Basin. Scale, 1 inch = 275 mile.'^. 

Between and adjoining these ranges in the United 
States are great plateaus. The Great Plains are properly 
also a plateau ; then come those of the Colorado and Great 
Basin. As a whole, therefore, the western United States is 
a platform 2,000 to 8,000 feet high, carrying upon and above 
it lofty ranges of mountains. The plateaus are such by up- 
lift from the sea-level, and the mountains are mountains by 
reason of breaking and folding as well as uplift. Some 
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ranges are much older than others. A single range did not 
come up suddenly to its full height, but rose slowly and at 
different periods. Uplift, dislocation of the rocks, folding 
of the rocks, and the close association of plateaus and 
mountains — such are some of the principles we have gained 
from our study thus far. AV'e have also learned that after 
their ujilift, mountains are greatly changed l)y down-wear. 
Sharp peaks, rough crags, rugged slopes of waste, deep 
gorges, swift torrents, and broad foot - hills and waste 
plains — such are some of the characteristics of mountain 
lands. 

168. Mountains of the eastern United States. — These are 
called the Apiialachian Mountain System and extend from 
near the Ciulf to Xew England and beyond. They are not 
all alike and they were not all made at one time. Let us 
study some of the groups or chains which make up the 
system. 

169. Adirondaeks. — These are a small group of ridges 
and peaks in northern Xew York. The ridges are irregular, 
but in general run from northeast to southwest. Tliey arc 
low mountains, the highest peak rising to little more than 
5,000 feet. For the most part the slopes ai'e not steep and 
are wooded. Here and there rocky heights rise above the 
forest, but most of the summits are smooth and tree-covered. 
They are much older than any of the mountains of western 
America. They may once have been just as high, but have 
wasted to their present form and height. Thus we have 
another illustration of the maturing and aging of the 
forms of the land. 

170. Folded Appalachian mountains. — The Adirondack 
Mountains are of crystalline rock. So are the liighlands of 
the Hudson, and the Blue Ridge, overlooking the Pied- 
mont jilain. 15ut the low mountain ridges northwest of 
the Blue Ridge and i-unning through central Pennsylvania, 
Virginia, eastern Tennessee, and far into x\labama, consist 
of stratified rocks built into great folds. The rocks were 
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once liorizonttil, l)ut have been pushed into a series of folds 
or arehes (Fig. 1151). It is sucli a series of folds as is made 
by the wrinkling of a coat-sleeve. (Ir, grasp a thin stack 
of writing paper on each edge and push the hands toward 
each other; the sheets of paper will represent the rock 
strata and the pushing shows how the force is api^lied in 
making many mountains. In tlie Apjialachian belt the 
direction of the pushing was northwest and southeast, and 
the wrinkles run northeast and southwest. The wrinkling 
was very long ago, and there has since been an enormous 
wasting of the rocks. Some rocks have wasted more than 
others, and the ridges which are left are not the original 
wrinkles, but the projecting edges of such rock beds as 
were best able to I'csist wasting influences. These ridges 
have already been mentioned in Section 51, and some of 
them are shown in Fig. 40. In some of the down-folds, or 



Fit l-tl — Si ( tlon K rfi s \l)pjl icbi 111 iid^i ill ]\[iil\lni(l sliowiii^ thin rililnii 
to tlie np-fnlds and down-folds of tlie niLdvS. Parts indRati.'d tjy tlio Iirokeii 
lines liave beeu worn auay. Scale, 1 incli - 7,000 foot, 

invei'ted arches, of these bent strata lie the coal-l)eds of 
eastern Pennsylvania, as about Scranton, Wilkeshtirre, and 
Pottsville. 

171. Mountains of New England. — All the mountains of 
the New England States arc old and subdued, only the 
Green and White Mountains retaining any ruggcdncss. 
In eastern Massachusetts, in Ehode Island, and Connecti- 
cut, and on Manhattan Island, the rocks show all those 
wrinklings and complications which belong to mountains, 
but the land is a worn-down plain. The mountains which 
once were there have wasted away almost to the level of 
the sea. 
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172. Young, mature, and old mountains. — This is the his- 
tory of niountiiins : First, ridges are uplifted; they may be 
wrinkles (Fig. 131), or tliey maybe blocks, broken loose and 
pushed upward (Fig. 137). In youth they are small, in ma- 
turity large, but the change is always slow. As they grow, 
storm, frost, and stream attack them; gorges furrow them 
from summit to base ; spurs, sharp crests, and jjeaks are 
carved out. Uplift strives to make the summits higher, 
■wasting to make them lower. The mountains are now ma- 
ture. When ujilift ceases, wasting continues alone. Slowly 
through the ages the tops are lowered, and tlie rugged 
angles of vigorous middle life arc replaced by the smooth 
curves of old age. The old summit lines are now lost, and 
new summit lines follow the harder rocks. Still more 
slowly these too fade away, and all that remains is a worn- 
down plain, with low, scattered hills — the second childhood 
of mountains. 

173. The Alleghany plateau. — We have seen that our 
Western mountains either overlook or stand upon lofty pla- 
teaus. In the East, however, the plateau belt, which is asso- 
ciated with the Appalachian Mountains, is for the greater 
Ijart as liigh as the mountains themselves. In the long 
wasting the steep-sided mountains have suffered more than 
the flat plateau. Tlic jilateau has its northeastern begin- 
ning on tlie west of the Hudson River, and is ki^own there 
as the Catskill Mountains. The uplands are not mountains, 
in the sense of being due to folding and breaking, but are 
like the buttes and bad-land hills of the West, in having 
their strata horizontal. Tlio worn edges of the rock beds 
form a wall, or high cliff, facing tlie Hudson Valley (Fig. 0). 
But the tops of the so-called Catskill Jlountains are roll- 
ing and covered with forests and meadows, and, while the 
surface descends somewhat to the west, it passes gently 
into the upland that occupies niDst of central Xew York 
and all of the southern part of the State. This upland 
is usually about '.',000 feet above the level of the sea, and 
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iK'lmv its Rurface iiro sunk the north and south vulley>s 
wliich furnish the natural liighways of the region. 

The same higlihmd contiiiues into Pennsylvania, and 
forms the northwestern lialf of the State. The so-called 
Alleghany Mountains are not true mountains, but are the 
cliff or escarpment l)y which the plateau is bordered on the 
southeast, and arc thus similar to the Catskills. Beyond 
this, the folded rocks l)egin, but the plateau is as high as 
the mountains. Some of the horizontal beds of this pla- 
teau consist of soft coal, 
and the edges of the 
coal-beds are exposed on 
tlie sides of the valleys, 
as the Mouongahela, 
south of Pittslnirg. 

In other parts, espe- 
cially in northwestern 
Pennsylvania, porous 
sandstone beds at some 
distance below the sur- 
face, contain mineral 
oil, or petroleum, and 
natural gas. These 
products are lighter 
than water, and would 
long ago have risen 

through the rocks and been lost, but for the fact that 
close, fine-grained beds overlie the porous lieds or "oil 
sands," and keep the oil (or gas) down. It is reached by 
Ijoring. ]\Iuch of the petroleum is refined, ])roducing 
illuminating oil and many other useful sulwtances. Tlie 
refineries are in the oil region, and also in tlie cities of the 
seal)oard, to which the crude oil is pumped by means of 
l)ipc-liiirs hundreds of miles in length. 

The plateau, with its deposits of oil and coal, continues 
through Virginia, Kentucky, and Tennessee, where it is 




rii, 133— \ btd of bltuminiras coal— " the 
Pittstiurg coal —with sti it i of shale and 
band&tone abo\L and below. 




FiQ. 133.— Plateaus and valleys about Chattanooga, Ti-'nn. f^ralo, 1 inch — 7 miles. 
The uplands are parts of the Cumberland plateau. The main plateau is si'cn at 
the extreme northwest. A detached portion, the Walden plateau, erosse^ ihi- 
map from northeast to southwest, and the end of Lookout Mountain shows at 
the Miiiitli. (!ortj;eH arc carved in all tliene uplands. 
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known as the Cumberland Plateau. There, as farther 
north, it is a flat, high country, with a clitl overlooking 
the mountain ridges and valleys on the east. On the west 
it slopes gradually down toward the prairies and low plains 
of the Mississippi Valley, resembling, in this resj)ect, the 
Great Plains west of the river. Far to the south it is 
divided into belt-like parts by straight, open valleys (see 
Fig. loo). 

174. Mountains of other lands. — We may describe the 
geography of mountains l)y comparing a few other ex- 
amples with those of North America. The higlilands of 
Scotland are like the Adirondack's and the uplands of Xew 
England in being very old mountains, much subdued and 
of small height. Similar are the mountains of the English 
Lake District in the north of England, whose chief sum- 
mits are little more than 3,000 feet above sea-level. The 
mountains of the Scandinavian peninsula are also old and 
worn, though higher than those of Great Britain. 

In the south of Europe, however, we find mature moun- 
tains, high and very rugged. I]i tlie Pyrenees and the 
Alps, both the unstratified and the stratified rocks have 
been squeezed, folded and broken, and forced upward, so 
that the mountains rise from twelve to nearly sixteen thou- 
sand feet above the sea. As they were not overridden by 
the ice of the glacial period, their peaks are unworn ; and 
the gnawing of the modern glaciers, which flourish in al- 
coves under their summits, keeps their crests blade-like. 
Below the glaciers, torrents are powerful and busy, and in 
all the uplifted country are gorges and deep valleys. Sharp) 
peaks, lofty and often vertical cliffs, and valleys strewn 
with the waste of the heights, are the features of the land. 
C'ons})icuous in the scenery of the Alps are its sei)ai-atcd 
jieaks, springing from spurs between gorges and standing 
free from the main crest-line. These are often named 
needles or horns, as in the Matterhorn (stag-horn), shown 
in Fig. 134. A line of peaks marks a ridge, a strand of 
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ridges makes ;i chain, and several cliaiiis, as in western 
America, make up a mountain system. On tlio north of 
tlie eastern Alps is the Bavarian plateau, witli a smooth 
surface about 3,000 feet above the sea. Munich stands on 
this plateau near the northern foot of the mountains, and 
the Danube flows eastward over it. It is related to the Alps 
as the (ireat Plains are to the Eocky Mountains. 

In Asia, the highest mountains in the world, the Hima- 
laya, are in middle life, like the Alj)s. Far up among 
their heights the rocks contain shells wdiicli originally grew 
in the sea. Along a belt running far east and west, the 
earth's crust was crumpled and broken and the mountains 
reared. Glaciers, deep valleys, and strong streams are com- 
mon here as in the Alps. In both regions immense land- 
slides occur, as ill-supported sides of the mountain fall off 
into the valleys. In both, also, snow conies down in tiie 
form of avalanches, overwhelming forests and destroying 
human life. 

To the north is the plateau of central Asia. Its highest 
parts in Tibet are about 14,000 feet above the sea, or as 
high as our western moirntain peaks. Hence the region is 
sometimes called the " Eoof of the World.'" As our Great 
Basin plateau is broken by mountains, so is the plateau of 
central Asia, and its mountains and plains are on a grander 
scale. Gradually on the north, plateau and mountains de- 
scend to the level of the Siberian plains. A vast continen- 
tal rise of land, of which the rugged parts are mountains 
and the smoother, intervening parts are waste-floored plains 
— such is the character of the highlands of Asia, as of those 
of western America. 

The Andes also are high and rugged mountains, and by 
that fact we are told that they are in the vigor of youth or 
middle life. South America has less of plateau and more 
of low plain than the other great continents. 

175. Earthquakes in mountain-making. — More will be 
said about earthquakes in the chapter on volcanoes. Any 
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shock given to the firm rocks of the eiirth's crust causes 
vibration, and j^roduces a shaking of objects at the earth's 
surface. In straining the crust enough to bend thick Ijcds 
of rock many sudden breaks and slijis take place, wliicli 
send jjulses, or shocks, for long distances through tlie rocks. 
Many earthquakes are due to this cause. 

170. Mineral products of mountain regions. — As we have 
seen, coal is found among the mountains of Penn.'^ylvania. 

So is it in Colorado, as 
at Jsew Castle. But 
both east and west, coal 
is also found where the 
rocks are undisturbed. 
Coal is not tbei'efore 
a result of mountain- 
building, though soft 
coal maybe changed to 
anthracite by the crush- 
ing that goes with the 
rearing of mountains. 

But many of tlie 
metals are found chief- 
ly in mountain lands. 
It is tliere that they 
have been dissolved out 
of the rocks, often by 
heated waters, and de- 
posited in mineral veins 
(page 07). Hence it is 
that in the Cripple 
Creek region of C'olo- 
rado are rich gold- 
mines, and in the Lead- 
ville and San Juan re- 
gions valuable deposits of silver ami lead. The metallic 
wealth of AVyoming, Idaho, Montana, C'alifornia, Oregon, 




Flu. 1;J5.- Phu'Cr miTiins in North Carolina. 
The gold is separated from the contained 
earth by means of a swift current of water. 
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and Wasliiiiiiton, and other '\\'estern States, is all in their 
mountain lands. In connection with the folding and crush- 
ing, the various ores have been formed by the slow deposi- 
tion of dissolved matter in the crevices of the roelvs. The 
iron and copp^'r of Lake Strperior are found in a region 
of ;incient mountains now worn away. 

When gold-bearing veins waste away, along witli the 
general wasting of a mountainside, the gold is washed 
down stream, and comes to rest along with gravel and sand 
wherever the progress of the waste is checked. iSuch gold- 
bearing gravels are known as placer beds, and the washing 
of the gravels to separate the gold is known as jjlaeer 
mining (see Fig. 135). 

Xot all mountains contain mineral wealth. Little gold 
and no silver is mined in the A^ijjalachians. 'i'he Green 
Mountain groups has no metals of importance, but is rich 
in slate and marble. The low mountains of Saxony have 
long been a mining center, while the lofty Alps are poor in 
valuable minerals. 

177. Climate of mountains. — In ascending lofty moun- 
tains one finds the same changes of climate in a few hours 
or days that would be met in a journey from tropical or 
temperate to arctic latitudes. This will be well understood 
by reviewing the belts of temperature and vegetation in the 
Alps. On the plains of northern Italy the olive flourishes, 
and in the deep valleys and along the lower slopes the vine 
abounds. As we ascend we find first the broad-leaved for- 
est trees to heights of 5,000 to 5,500 feet on the south 
slope, and 1,000 feet on the north slopes. This brings out 
the fact that climate may differ much on two sides of a 
mountain range. The direct rays of the sun and the winds 
from the warm Mediterranean affect the south front of the 
Alps. Above the deciduous trees come the cone-bearing 
or evergreen forests. The coniferous trees are important 
in preventing floods and checking avalanches, as well as 
affording supplies of timber and fire-wood for the thrifty 
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peasants. Above tlie trees are the upper pastures, lirilliaiit 
with flowers of every hue, to which the flocks and herds 
are driven only in the summer. Still above is the zone of 
rock and perpetual snows. Snows may wrap the highest 

summits, as Mont Blanc; 
while often the up)pier 
mountains are so steej) 
for thousands of feet 
that the snows slide off 
and bare crags jn-evail. 
From base to summit of 
the Alps, one-fourth is 
tillable, one-half is for- 
est and pasture, and the 
remaining fourth is ut- 
terly barren. 

The climate of north- 
ern Italy is warm-tem- 
perate, and we thus 
range from this to polar 
climate as we ascend. 
If we rise, however, from 
the foot to the summit 
of the equatorial Andes, 
we there range from a 
tropical to a polar cli- 
mate. In the far north 
and south there is less 
contrast, because ice and snow there prevail down to the 
level of the sea, as upon the slopes of Mount St. Elias. In 
the United States the Sierra and Cascade Jlountains most 
nearly represent the conditions of the Alps; but the 
Wasatch, the Roi^kies, aiul a,ll other high mountains are 
belted by zones of climate— cooler and moister above, and 
warmer and drier below. 

In the Appalachians the range of temperature is small, 
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because tlie mountains are low. Still, in the Adiron<lacks 
the summits are always cold at night, the mean temperatnre 
for the day is never high, and the winters are long and 
marked by heavy snows. Even in the low ]5erkshires of 
Massachusetts the climate is much cooler than in the adja- 
cent Hudson and Connecticut valleys. The southern Ajv 
palachians carry a wedge of cooler climate far down between 
the hot Carolina coasts on the east and the half-tropical 
country along the lower Mississippi. 

178. Life of mountain lands. — Some facts belonging to 
this subject have already been given. Thus we have seen 
how rapid is the change to colder climate and the corre- 
sjionding plants as we rise toward the tops of high moun- 
tains ; tillage of the soil is confined to the valleys and 
lower slopes, while grazing and timber industries run to the 
middle slopes or to the summits, according as the mountains 
are in higher or lower latitudes, or are themselves of great 
or small altitude. 

In the mountainous parts of Switzerland the peasants 
till the narrow valley bottoms, reclaim the rough surfaces 
of the torrent fans, and raise patches of grain and hay on 
the talus and other waste slopes. The dairy is a chief 
means of support, and men, women, and children join in all 
the industries of the field, while wood-carving and other 
small manufacturing occujiy the winter months. Houses 
are built of wood, with wide-spreading cornices, the thatch 
sometimes weighted down with large stones. The splendid 
scenery of the Alps, close to many populous lands, has 
made Switzerland the "jilayground of Europe," and tlie 
entertainment of tourists may 1)6 called the chief industry 
of the mountain people. 

In the Kocky Mountains the conditions of hunum life 
are entirely different. The chief attraction in these moun- 
tiiins is the mining of tlie precious metals. Instead of 
humble peasants, native to the soil for centuries, we find 
the most hardy and energetic types of American life in tlie 
14 
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absorbing search for mineral wealth. Mining camps which 
are in truth cities, spring into being, and as swiftly decay 
when the mines cease to be productive. Agriculture is 
possible only in the lowest of the mountain valleys, and is 
carried on mainly in the adjacent plains. The roadways 
have been built not often for the tourist, but almost with- 
out exception for the shipping of mineral products and the 
introduction of supplies. The keen, vigorous, and often 
rough life of our western mountains is in strong contrast 
to the quiet and simplicity of Alpine regions. The causes 
are partly geographic and partly historical. 

As Xew York and other cities liave grown, the Adiron- 
dacks have become ehieily a playground. Lumbering, al- 
ready far too destructive, has been somewhat restrained, 
and the summer camp, the gun, and the canoe are the true 
symbols of the region. The same is true of the uplands 
of Xew England, where, indeed, the valleys abound in farms 
and villages, but the mountains, too low for snow-field and 
glacier, are forever set apart to rocky ledge and forest. 

Ancient and worn mountains make up much of the 
rugged surface of Wales. Xo precious metals occur, but 
the slate, found only in mountainous countries, furnishes, 
in its quarrying and shipping, an important industry, while 
in the south are deposits of coal, leading to mining and 
manufacture. Similar are the low mountains of the Eng- 
lish Lake District. Here, however, there are no impor- 
tant minerals, but lakes, mountains, and beautiful valleys, 
made memorable as the homes of Wordsworth and other 
men of letters, the whole region being chiefly a summer 
refuge for toilers from the cities. 

The Scottish Highlands, with their thin, cold soils and 
stretches of bare rock, their rough stone cabins and un- 
changing poverty, under the leaden skies of the north, show 
us still another type of the life of mountain lands. Xo great 
cities — diligent but small tillage of the soil, isolation and 
primitive ways — sucli is the life of mountains, save where 
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tlie rocks yield coveted treasure. There modern life pours 
in like a tide, and the virtues and vices of the latest civili- 
zation are seen to the full. 

179. Barriers and passes. — Because most mountains are 
in the form of long belts of folding and uplift, they serve 
to separate the lands on their opjioslte sides. Thus on 
the east of the Appalachians are the low plains of the 
Atlantic, while to the west are the plateaus that extend 
from north to south. The Mohawk Valley is a famous gap 
in this great system, offering a gateway from the Atlantic 
seaboard to the interior. More will be said about the Ap- 
palachian barrier in Chapter XVI. The Kocky Mountains 
form a strong and continuous wall between the (jreat Plains 
and the Colorado Basin. It is partially cut by the deepi 
gorge of the Arkansas Eiver, but beyond that one must 
surmount the Marshall Pass, over 10,000 feet in altitude, 
or other and higher passes, in order to reach the Pacific 
sloj^e. In Wyoming, however, the I'nion I'acific Railway 
finds a low passage at about 8,000 feet. On the west of 
the Sierra Nevada is the rich a.nd fertile valley of central 
California, while on the east are the arid slopes and salty 
basins of Xevada. 

The Andes show marked contrasts on east and west. 
The Pacific slope is relatively dry, while the Atlantic moist- 
ure spreads far over the Amazon plains aiul enriches the 
head-waters of this master river on the east slopes of the 
mountains. 

In the Old AVorld the Pyrenees are an effective wall be- 
tween France and Spain. But two railways join the coun- 
tries ; one of these follows the shore of the Bay of Biscay, 
and tlie other is close to the Mediterranean. Carriage 
roads cross the range at but two points. The Alps are 
higher and more rugged than the Pyrenees, and through- 
out historic time have stood as a barrier lietween the Med- 
iterranean and central Europe. On the south is the sub- 
tropical and sunny Italy. On the north are the cool tem- 
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peratui'fS and sombtT skies of Geruuuiy. Bnt tlio ])asses, 
as Compared with the Pyrenees, are 1o\y and numerous, and 
have Ijeen trodden Ijy travelers, merclumts, and invading 
armies since Eoman days. I'rails, beautiful carriage roads, 
and railways have in turn assumed the chief importance. 

In Asia, the mild, fertile, and crowded districts of India 
are shut otf from the high, cold, wild, and sparsely jjeopled 
lands of Tibet by the Himalaya Mountains, while the 
several mountain ranges of central Asia lie between the 
advancing Russians on the north, and the English, en- 
trenched in India, on the south. 



CHAPTER IX 

VOLCANOES 

AVe shall begin our study by looking at several well- 
known volcanic regions, the one about the Bay of Naples, 
the Hawaiian Islands, and Mount Shasta. We shall then 
compare these volcanoes, and see what great ijrincijjles we 
can find to help us understand this part of the earth's ma- 
chinery, which is so strange to most dwellers in the United 
States. The first examples are chosen outside our North 
American domain, because here the volcanoes have nearly 
ceased to be active. But it is well to mention at the outset 
that nowhere in the world have the fires of the earth had 
more effect on the surface, in past ages, than in some parts 
of onr own land. 

180. Figurative terms.— The word "fire " in the last sen- 
tence, and in other passages of this cliapter, is not used in 
its ordinary sense, but somewhat figuratively. When fire 
burns, two substances combine — for example, coal and 
oxygen— and heat and light are caused. The sulistanees 
are said to be consumed. In the volcano nothing is con- 
sumed ; the lava as it comes from below is already in a hot 
and glowing condition. Before the real facts were known, 
people believed the heat was caused Ijy burning, and the 
words expressing this belief are still used in speaking of 
volcanoes. Among these misleading terms are flame, ash, 
cinders, and igneous (fiery) rocks. 

181. Vesuvius,— If one were to visit the west coast of 
Italy and ascend tliis mountain, he would find an observa- 
tory part way up the slope, where for many years Italian 
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scholars have watched the behavior of the volcano. This 
small mountain, about 1,000 feet high, rising from the 
shore of the Bay of Najiles, is a good sample volcano; tlie 
better because it has been studied so long, and its principal 
changes for nearly ,2,000 years have been recorded. That 
small things may unfold principles is as true in geography 
as in all other fields of knowledge. 
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Fig. 138.~^Iap of Mount Vcsiivins and vicinity. 

The student should give careful attention to the map 
(Fig. 13!-i). On the nortli of the bay are a number of lo- 
calities well known in classic story — Misenum, Lake Aver- 
no, the Elysian Fields, and Putcoli (Pozzuoli), the port at 
which Saint Paul landed on his voyage to Rome. ISTear the 
shore west of Xajiles is Monte Xuovo, or new mountain, a 
hill 440 feet high, cast up by volcanic action during a few 
days in September, 153S. All about it are volcanic hills of 
earlier origin, and two islands bordering the bay are also 
volcanic. Thus we learn that Vesuvius is not alone, but is 
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surrounded by a district under which the volcanic heat has 
been more or less active. The whole region is subject to 
earthquakes, due, it is believed, to the pent-up fires below, 
and wlien the volcano gives vent to the confined lava the 
earthquakes subside. 

Let us now look at the mountain itself. Sunk into its 
top is a bowl-shaped depression, the crater. In it is mol- 
ten rock, and from it there come forth steam and other 
hot vapors. When the wind is right, the edge of the crater 
can be reached and a look had into its fiery dejsths. AVlien 
a powerful eruption begins, immense clouds of steam rise 
and spread above the top of the mountain, taking a form 
that has often been likened to a pine-tree. It is not smoke, 
but vapor.that pours out ; and the glow often seen, especially 
at night, is not flame, but the reflection from the vapor 
clouds of the light that flashes up from the melted rocks, 
either in the crater or overflowing in streams that roll down 
the sides of the mountain. 

These streams sometimes flow so fast as to overtake a 
man running swiftly. At other times they creep. The 
differences depend on the slope and on the consistency of 
the lava. Some lavas are thick and viscous, like molasses, 
others are thin and watery. If the stream is shallow, it cools 
quickly and comes to rest. After lava has flowed for some 
distance the surface cools and is brittle, while the lower 
parts are soft and hot. As these lower parts push on they 
break up the surface into a rough, clinkery mass, which 
appears like a creeping heap of slaggy boulders. After the 
lapse of a human lifetime a lava stream may still send steam 
forth from its crevices, while the surface has long been 
cold, hard rock. Lavas are often frothy, with hot vapor in 
the form of bubbles, and after cooling to rock are full of 
rounded pores or cells. Certain lava-rocks are so porous 
and filmy that they will float on the sea. The pumice-stone 
used in the arts is a volcanic rock. 

As the lava streams of Vesuvius have poured down its 



200 AN INTRODUCTION TO PHYSICAL GEOGRAPHY 

sides they have added successive coats to its slopes, thus in- 
creasing the size of the mountain. But not all the growth 
of the cone is thus explained. Some eruptions take place 
by means of powerful explosions, whose seat is somewhere 
below the outside opening. In this case the interior rock 
comes out, not as lava, but in the form of fine dust, or 
coarser pieces of rock, which fill the air, and fall or slowly 
sink to rest on the sides of the mountain or on neighboring 
plains and seas. Built up in these two ways, the mountain 
mass is a mixture of lava torrents and " ash " beds. 

The student will observe that the height of Vesuvius 
was given as about 4,000 feet. It is not always the same, 
and has varied several hundred feet during the Christian 
era.. In early Roman times the volcano had always been 
quiet, though previous to 79 a. d. the neighborhood was 
shaken by earthquakes. In this year there was a great 
eruption. It is vividly described in two letters written by 
the younger Pliny to Tacitus the Eoman historian. These 
letters referred to the uncle of the writer, Pliny the Elder, 
the great naturalist, who at that time commanded a fleet 
and was stationed at Misenum. He crossed the bay to see 
the eruption more closely and also to rescue a friend, aiid 
was sufl'ocated in the fumes of the volcano. There was no 
lava, but immense quantities of ash were thrown out and 
rained on the neighboring land and sea. Two cities, Her- 
culaneum at the west foot, and Pompeii at the south base 
of the mountain, were buried an(il lost for many centuries. 
Had they been deluged with lava, they could not now be un- 
covered and seen in such perfection — walls, pavements worn 
by wheels of carriages, rooms, wall-paintings, utensils, and 
all the signs of the luxury of the inhabitants. As the cen- 
turies have passed, other outbursts liave sent forth streams 
of lava as well as clouds of ash. Sometimes the top of the 
cone has been cut off several liundred feet by a great explo- 
sion, only to be slowly built up again by the contributions 
of more quiet erujitions. 
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1S5. Other Mediterranean volcanoes. — With wliiit we have 
learned about Vesuvius, it will now be useful to associate 
some facts about otlier volcanoes in the middle Mediterra- 
nean region. South of Xaples, near the Straits of iMessina, 
are the Lipari Islands. They are conip(_)sed of volcanic 
rocks. Of several volcanoes in this group, Stromlioli is 
best known, because it is always active. Like Vesuvius, it is 
sometimes explosive and sometimes quiet, giving foi'th both 
molten and broken material. Its perpetual column of 
steam, illuminated at night witli unfailing regularity by 
the fires of the crater, has caused it to be known as tlie 
" Lightliouse of the Mediterranean." 

Still southward, close by the eastern shore of Sicily, 
rises another volcano, also famed in classic myth, and in 
comparison to which Vesuvius is but a mound. Etna is 
more than 10,000 feet in height, and has a circumference 
of 40 miles. Like Vesuvius, this vast cone is built chiefly 
of lavas and ash coming to rest about a central pipe or 
throat leading up from the depths, Init there have also 
been many small eruptions on the flanks. From time to 
time cracks open on the sides of the great cone, allowing 
the escape of lava and cinders and causing small cones to he 
built. Fig. 140 shows some of these minor cones in process 
of formation. Like other great mountains, it has a rug- 
ged surface, and rises through several zones of climate, 
being almost tropical at its base, temperate and forested 
on its middle slopes, and arctic and snowy tow;ird its 
summit. One German scholar has written two great 
volumes, wholly given to a description and history of tliis 
single volcano. 

In 1831 the sea south of Sicily gave a fine illustration of 
the volcanic liabit of that region. At a point where the 
water was 000 feet deep, volcanic materials were cast up 
until they stood 200 feet above the water. This new island, 
however, was soon cut away by the sea waves, leaving a 
shoal where the transient land had been. 
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183. Hawaiian volcanoes. — The Hawaiian Island.s form a 
mirtlnvest by southeast chain, aboiit -100 miles long. All 
are volcanic piles hnilt up from the floor of the deep seas. 
The only active volcanoes, however, are on Hawaii, the 
southeastern member of the series. This is a large island, 
about 80 miles across and having the form of a rude tri- 
angle. The two highest volcanoes are Mauna Loa and 
Mauna Kea, rising nearly 14,000 feet above the sea. The 
total height above the sea bottom is about 30,000 feet, or 
in the neighborhood of 6 miles. If the sea could be drained 
away, tliis whole island would be a broad-topped mountain, 
as high as the loftiest summits of the Himalayas. Succes- 
sive outpourings of lava have reared the islands from the 
floor of the sea. The work of A'esuvius or even of Etna is 
insignificant as compared with this. 

The slopes of the Hawaiian cones are very gentle (Fig. 
142). This is due to the fact that the rocky matter sent 
forth is all in the form of lava, and the lava is in a very 
liquid condition. Hence when it flows out, it spreads widely. 
Thicker lavas and falling ash build steeper cones. There 
is great ditfereiice between the craters of Vesuvius and 
Hawaii. The one is a narrow, steep-sided bowl, the others 
are broad, sunken l)asins several miles across (Fig. 141). 
The walls of Hawaiian craters are cliffs several hundred 
feet high, l)ut at some points descent can be made. During 
the time of quiet between eruptions, the traveler finds a 
floor of cooled lava covering over most of the crater basin. 
l!ut at some points there are small ponds or lakes of mol- 
ten lava, which bubbles and sioutters with the escai)e of hot 
vapor. 

The eruptions are vaster but more quiet than those 
of many small volcanoes. For a numl)er of years the lava 
may rise, and spread in the crater, so that the basin can no 
longer lie entered. But it has not lieen known to flow over 
the I'ini. Before this is I'eaclied it pushes through deep- 
seated cracks and issues on the sides of the mountain, often 
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several miles away from tlie crater, and flows down the 
slope as a great hot river. Being very liquid at tlie start, 
it flows long distances, sometimes as far as 50 miles. Some- 
times it has reached the seashore, and there, like a water- 
fall, has poured over the sea cliffs upon the beach below. 

Much of the surfiice of the islands is mantled with soil 
and forest. But where the outflows have been recent, as 
over a large part of Hawaii, the lava surfaces are rugged 
and utterly barren. In the forested regions streams are 
abundant, and some of them have worn out deep gorges 
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which add variety to the surface. Thus volcanic action, 
weathering, and stream erosion combine to give the land its 
form and exj^ression, and the climate, moist and tro]ncal, 
clothes much of the surface with ferns, breadfruit-trees, 
screw-pines, and coconut palms. 

18-4. Krakatoa. — Like the Hawaiian group, many islands 
of the Pacific f )cean are volcanic. They are the " liigh " 
islands, in distinction from those that are low, or of coral 
origin. Krakatoa is an island volcano, lying in the strait 
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that sei:iaratcs Sumatra and Java. It was not known as a 
great volcano until August, LS83, when for two days a suc- 
cession of explosions blew away about half of the island 
mountain, brought the neighboring seas and lands to total 
darkness, impeded the sailing of ships by the ash that fell 
on the sea, and gave forth reports which were heard in 
Bangkok, in the Philippine Islands, in Australia, and more 
than 2,000 miles to westward in the Indian Ocean. Dust 
fell on shijjs 1,600 miles away, and is believed to have been 
carried in the upper air around the world (Sec. 205). The 
student will find it profitable to consider the strong con- 
trasts between this and the Hawaiian Group. 

185. Mount Shasta. — This volcano is no longer active, but 
is none the less useful for comparison with those already 




Fig. 1 U.— >rmint Shasfn, 



studied. It is in northern California and rises to an alti- 
tude of 11,000 feet above neighboring lowlands. Its slojics 
are steeji ab(.)vc, and become gradually gentler Ixdow, until 
they merge with the plain. The upper part of the nioun- 
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tain IS doable, its two summits marking two principal 
piiints of eruption. The higher is also ihe older; it liad 
been completed and had heguu to waste away before the 
building of the other. Fig. 144: shows only the older sum- 
niit, the younger being hidden behind it. 

If one were to dig deep into the mountain mass he would 
find various beds, some of ash, bound into firm rock, and 
some of (•ool lava, thirs showing that, like Vesuvius, the vol- 
cano was sometimes explosive and sometimes sent streams 
of molten rock welling forth from its crater. On the lower 
slopes of the mountain are smaller cones, as in the case of 
Etna, and some of these are much younger than either of 
the great peaks. From one of them a lava stream flowed 
to the Sacramento Eiver and followed its valley for 50 
miles. The river has since ojiened a canyon across it, and 
elsewhere sunk a deep channel at its side so as to leave the 
lava plain as a high terrace. 

For a long period, as we reckon time, the fires below the 
mountain have gone out, or at least have been unable to 
send forth the signs of their presence. We call the vol- 
cano extinct. Instead of fire, glaciers cling to its ujiper 
slopes. There are five of them, two to five miles in length, 
each scooping a glacial alcove and trough out of the sides 
of the peak, and strewing the space below with moraine, or 
sending rock-flour and pebbles down the torrent courses 
of the mountain. The torrents have dug deep gorges. So 
the forces of waste are striving to tear down what the vol- 
canic forces have built up. 

180. Other volcanoes of the western United States, — If we 
go northward from Mount Shasta along the Cascade Range 
of Oregon and Washington, we find magnificent volcanic 
peaks, of which the highest is Mount Eainier, rising to 14, .500 
feet above the sea. Standing on a l>road plateau and apart 
from other high summits, it is an imposing landmark, 
seen afar from the cities and the sea. As measured by the 
amount of wear, it is older than Shasta. Its glaciers and 
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Fiii. 145.— Uiiper part of ^rount Hood. Ort'^'oii. 
.sliroLidi'fl by ^now and ice. 



torrents have deepened and enlarged their valleys until tlie 
intervening ridges are narrow and crusted. It may be said 
also to have renewed its youth, for after the work of de- 
struction had made 
great progress its 
fires broke forth 
once more a7id 
constructed a well- 
formed cone and cra- 
ter at top. !Mount 
Hood, Mount Jef- 
ferson, ilouut St. 
Helens, and ilount 
Baker are among 
the other volcanoes 
of the region. All 
of these lofty peaks are white above and forested below. 
" Could an observer obtain a bird's-eye view of the Cas- 
cade Moiintarns, they would appear as a bolt of emerald 
studded, at irregular intervals with immense brilliants" 
(Russell). 

Mount San Francisco in northern Arizona and Mount 
Taylor in northern Xew Mexico, each rising 5,000 feet above 
the plateau, are cunsjncnous landmarks, though less massive 
than the cones of the Pacific region. They are old and 
worn, but near their bases are ash-rimmed craters and black 
jagged lava fields so young that soil and plants have ncit yet 
begun to cover them. From the top of itount San Francisco 
one may look down into nearly 200 craters. Tlie number 
of small volcanoes scattered through the Cordilleras is 
great, and a few are found along the western border of the 
Great Plains. They are of all ages, and some have doubt- 
less been active within a few centuries ; but no eruptions 
have been witnessed by white men. 

1S7. Regions of active volcanoes. — Wo have selected cer- 
tain volcanoes because they are especially instructive, and 
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we liave seen some of the prineijiles that arise from their 
study. Another general fact is that they are confined to 
11(1 \mvt of the "world, but form one of the common features 
of the earth's surface. 

The Atlantic Ocean contains many volcanic islands. 
Iceland is one of the most northerly and important. Its 
lava streams are of great size, while the ash from some of 
its volcanoes has fallen on sliijis in the northern seas, has 
descended on Scandinavia, and has even injured crops in 
the north of Scotland. Farther south, the Azores, Canary, 
Cape Verde, St. Helena, and other islands are volcanic. 

In the West Indies is a line or narrow belt of volcanoes 
500 miles long. They make the higher islands of the Lesser 
Antilles, including, among others, St. Kitts, (Guadeloupe, 
Martinicjue, and St. Vincent. Because they are arranged 
in a line, it is thought that they are related to one another 
in origin, and make up a system. Their eruptions, though 
not frequent, have been energetic and destructive. Here, 
as about Vesuvius, the long periods of rest have given a 
false sense of security, and temjited to extensive settle- 
ment on the rich volcanic soils, to be followed by fearful 
disaster when activity was resumed. There were outbreaks 
on St. Vincent in 1718 and 1812, on Guadeloupe in 1797, 
and on Martinique in 1851. The outbreak of 1812 was an 
exjilosion almost rivaling that of Krakatoa. A crater called 
Soufriere was either created or greatly enlarged, the fertile 
lands of the island were overwhelmed by ashes, and the 
town of Caracas, with 10,000 inhabitants, sutfered the fate 
of Pomjieii. 

In May, 1002, while the type for this book is lieing set, 
the attention and sympathy of the world are again drawn 
to these unhajipjy islands. The Soufriere, after a rest of 
ninety years, and the Pelee volcano on Martinique, which 
had slumbered for fifty-one years, have again wakened to 
activity. Explosions scatter stones and ashes widely over 
the lands. Streams of hot mud are flowing from the 
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craters to the sea. A new crater has opened on the slope 
of Mount Pelee. A sudden blast of hot gas and cinders 




Fiu 146.— Interior of the crater of Blount Misery, on St. Kitts. West Indies. It is 
still steaming, though so old that its lavas are covered liy soil and plants. 



from this has destroyed the city of vSt. Pierre. More than 
30,000 inhabitants of the ishmds have lost their lives, and 
great areas are laid waste. 

AVe have ah-eady told of a few great cones of the Pacific 
coast region. Following the mountain belt through Mex- 
ico and Central America and far along the Andes, great 
volcanoes are abundant and active. Xortliward, a few vol- 
canoes occur on the islands of southern Alaska, and a great 
volcanic belt, beginning on the south coast of western 
Alaska, may be followed almost around the Pacific Ocean. 
The Aleutian Islands, Kamchatka, the Kuril Islands, Japan, 
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the Philippine Ishmcls, and those of more southern seas, 
with the mountains of western America, almost girt this 
vast ocean with fire, while many a cliimne_y, as we have 
seen, rises from its waters, and many submarine volcanoes 




Fjg. 147. — A volcanic crater, holding a lal<e ; Costa Rica. 

have not been able to pile their outpourings to the surface 
of the sea. Kraktitoii belongs to a field of great volcanic 
activity, including Java, Sumatra, and almost all parts of 
the East Indies. 

188. History of a volcanic cone. — This is a story of 
o-rowth and dcca-v. Vesuvius, Etna, and the Hawaiian 
cones are still growing. The time was when their piles of 
volcanic matter were snudl like Monte Xuovo. Through 
progressive stages they have grown to be what they are. 
In time they will cetise to send forth ash and lava, and 
destruction will begin. We see tlie first stages of it in 
.Mount Shasta. Here the form is still well preserved, and 
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the. mountain has lost little from its top and sides. But 
there has been some wasting. The glaciers are scooping 
out the higher slopes, and the torrents are furrowing the 
lower with ravines. In time the summits will yield, the 
ravines will become vast canyons, and the volcanic pile will 
be deeply cut and scarred. This stage is well illustrated 
by Tahiti, a high volcanic island in the Pacific Ocean. A 
series of radiating valleys, like the spokes of a wheel, head 
abruptly toward the center and summit, and extend out to 
the shores of the island. These valleys are sometimes 
3,000 feet deep, and have so widened that a ridge like the 
edge of a knife is all that is left between them. Dana 
ascended to the top along one of these ridges, whose upper 
edge was in places but 1 to 3 feet wide, while the cliifs 
below were 1,000 to 2,000 feet high and stood at an angle 
of 00° to 70°. 

We can readily see that in time these sharp ridges will 
break down, the gorges be extended at their heads, the 
summits decay and thus the height be lessened, the rough 
surface become subdued, and, if time enough be granted, 
the entire island will be worn down to the level of the sea. 

The student should imagine 
all this, and the picture thus 
formed will be true to nature. 
In many parts of the world 
are found volcanic mountains 
which have been worn away un- 
til the merest stumps and roots 
remain. This is best under- 
stood by reference to the dia- 
gram (Fig. 148). AVe see first 
the original profile of the cone ; 
second, we have a low, sulidued 
pile or hill, still rising above 
the general surface; third, all of the original cone is gone, 
and much of the surface rock in the surrounding region. 




Fig. U.S.— Iileal flections of n wast- 
ing vulcanic cone at. tlircc stages 
of its liistory. 
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-A volcanic nock ; 
]\U'xico, 



northern New 



But tlie hivii that occupied tlie old throat, far hehm tlie 
iTater, is harder than the surrounding rock, and in the 
great wasting, lias sur- 
vived and stands above 
the surface. It has 
been well likened to 
the cork in a liottle, 
and geologists call it 
a volcanic neck or 
plug. Many of them 
stand out on the sur- 
face of the plateau in 
parts of Xew Mexico 
(see Fig. 140). 

189. Sheets of lava. — While no lavas are so iluid as 
water, they show great differences in this respect. )Some 
are very stiff and can scarcely flow at all ; others are thin 
and flow easily. When a lava stream starts from a crater 
it also l)egins to cool and it stops flowing when it gets so 
cool as to be stift'. If the amount which comes out is small 
it stops quickly. The piling uj) of such short streams 
makes volcanic mountains. But sometimes a very largo 
Cjuantity of very thin lava esca])es all at onc^e, and then it 
runs farther and spreads more widely. If it runs into a 
valley or over a plain it makes a lava lake. When it 
hardens it makes a broad, flat sheet of lava-rock. In the 
basin of the Columbia Elver there have been many such 
eruptions, with the result that broad plains are composed 
wholly of volcanic rocks, piled up in sheets. The Snake 
Eiver, crossing sucli a plain, has made a long, deep canyon 
(Fig. 51), in the walls of which the sheets or beds of lava- 
rock are arranged like the beds of sandstone and limestone 
in the canyons of the Colorado. Before the crui)tions bcLra.n, 
the region had for long periods been a district of mountains 
and valleys. Hence the outpoui'ings flooded the valh'ys an<l 
low grounds, while the liigher m(uintains still rise as ishmds 



214 AN INTRODUCTION TO PHYSICAL GEOGRAPHY 

from the plateau, or send out ridges or spurs from its bor- 
der. Tlius tlie boundary of the lava sheets runs in and out, 
like the shore-line of a lake in a rough country. 

There have been volcanic eruptions in all the past ages 
of the earth. Some of these spread under the ocean and 
were covered by sediments, and so there are lava-rocks 
buried amono; the stratified rocks. Lavas have also in- 
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FiG. 150.— Palisades of the Hiiilsdii. 



truded themselves in broad sheets between strata, and tlierc 
liardcned to rock. Afterward, when great series of strata 
have been lifted into the air and gradually wasted away, 
tlie sheets of lava-rock have been exposed to view ; and, 
being very ilurahle, they often stand forth in the landscape 
as liills and ridges. TIic AVatchung IMountains of New 
Jersey, the Palisades of tlie Hudson (Fig. 150), and ]\Iount 
]h)lyoke in Massachusetts are of this character. 

The clilfs at the edges of the sheets have a peculiar 
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character because of a tendency of lava-rock to break uji 
into columns. It shrinks and cracks in cooling just as 
mud cracks in drying, and the cracks run far into it, 
dividing it into long blocks with five or six sides (Fig. 1.51). 




Fig. 1.5'2, — Bird's-cj-c view of Crater Liikc, Oregon. 

Extensive sheets of lava are found in Colorado, Utah, 
Arizona, New Mexico, and other western States. Some- 
times they have been worn away to snmll remnants, as in 
the lava caps of Xorth and South Table Mountain at 
Golden, Colorado, or Castle Eo(l\, south of Denver. From 
the latter place is quarried a gray or pinkish lava which is 
used as a building stone in that region. 

In western Scotland are important lava sheets also. 
Hero belong the columnar rocks of Midi, Staffa, and other 
islands, which consist largely of remnant lava-beds. Into 
the southern cliffs of Statfa the sea has worn Fingaks C'ave 
by removing the vertical columns of lava. Giant's Cause- 
way, on the shore of Ireland, consists of similar volcanic rock. 
One of the largest out])ouriiigs in the world forms the ]ila- 
teau known as the Dekkan in India. The lavas are some- 
times 0,000 feet thick. 
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100, Volcanic lakes. — Tliese may be formed in at least 
two wujs : A tlood of lava sometimes Ijlockades a valley; 
behind sueh a daiii a lake will form and remain niitil the 
basin is full of sediment, or the outlet stream saws through 




'Mount Mazama," an ideal restoration of the Crater Lake volcano. See 
Fi.'. l.)2 and Sec. 190. 



the barrier. And when a volcano lieeomes extinct its crtiter 
may serve as a water-basin (Fig- 117). Crater Lake, in 
soutliern Oregon, lies in the heai't of an old volcano, the 
higher and central parts of which have disappeared. In- 
stead of an explosion, as in the case of Krakatoa, tliere was 
a withdrawal of tlie lava l)eneath, so that all the upper 
part of the cone, with its gorges and glaciers, fell in and 
disappeared, leaving a nearly circiilar pit 4,000 feet deep 
and miles wide (Fig. 152). The water of the lake is 
2,000 feet deep. Above it rises an island, which is a snudl 
volcanic cone, made after the disappearance of the greater 
cone. 

101. Volcanic soils. — Lnvas and ash are often so porous 
that they are easily entered by air and water, and weather 
rapidly into soils. Thus, after a few generations, the lava 
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fields about Vesuvius, and other volcanoes in genial climates, 
become densely populated, and all danger from eruptions 
seems forgotten. Parts of the Dekkan are important in 
wheat and cotton growing, and the black and fertile soil is 
due to the decay of the lavas. In the same way lavas fur- 
nish the soils for extensive wheat-fields in Oregon and 
Washington. This is perhaps the most important way in 
which volcanoes affect mankind, unless we except the catas- 
trophes which have wrought destruction of life. The vol- 
cano does not compare with weathering or with streams ; 
and it probably has not influcTiced the more progressive 
races so extensively as has the glacial invasion. Certainly 
glaciers, much more than volcanoes, have molded the condi- 
tions of life in the United States. 

193. Causes of volcanic explosions. — The general causes 
of volcanoes are not well known, but the reason that lavas 
sometimes e.xplode is better understood. There is water in 
all lavas, the quantity being large in some and small in 
others. Deep down in the earth's crust the pressure is so 
great that the water, though intensely hot, can not change 
to vapor ; but as the lavas rise they experience less and less 
pressure until at last the water within them suddenly Ije- 
comes steam and is instantaneously expanded. If there is 
little water, the lava quietly bubbles ; if there is much, it 
is torn to fragments, and the fragments are hurled into the 
air. The principle of the explosive volcano is the same as 
the principle of the geyser. 

193. Summary of principles. — The descrijitions of par- 
tictilar volcanoes and districts have illustrated various gen- 
eral facts, and some of these have ln'cn pointed out. We 
now bring together the more important : 

(1) Many volcanoes build around their ^ents a cone; 
it nuiy ])C of mountainotts beiglit, and the term moun- 
tain, in a general sense, is commonly used. It is iu>t at all 
due to uplift of tlie eartb's crust, but to the bringing up of 
materials from below which are heaped up about an open- 
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iiig. lu this resjjc'ct, as well as in form, the voli_"Hio finds 
its luiiiiatnre representative in the ant-hill (Fig. .5S). 

(2) Some cones are large both in height and hase, like 
the Hawaiian, while others are small, like Vesnviiis, Strom- 
boli, or the diminntive Monte Nnovo. Thej- also dilTer in 
form ; some are very flat and others as steep as a talus of 
coarse waste, the difference being due to the character of 
the materials forming the jaile. 

(.')) The materials sent forth are various. First, we 
have the lavas, and these differ much. Some are dark and 
verv heav}', as basalt, and others are pale in color and lighter 
in weight. Second, we find the ash, with larger angular 
pieces of rock, as in some eruptions of X'esuvius and Shasta, 
or the great eru.2)tion of Krakatoa. Of importance also are 
the vapors, particularly the steam, which often coiidenses 
and causes heavy rains, or mixing with the ash gives rise 
to eruptions of mud, which flow from the volcano and 
harden into rock. Any volcanic ash which thus becomes 
bound into firm rock is called "\'olcanic Tuff. 

(4) Volcanoes differ much in the manner of ei'uption. 
Stroraboli is constant ; Vesuvius and the Hawaiian volca- 
noes are intermittent or spasmodic. Some are quiet ; others 
are violent and explosive. Some vents emit many small 
eruptions and bnild up mountains ; others discharge great 
volumes of their lava and construct plains. 

(.5) Craters are formed in various ways. Fragments 
thrown out by explosive eruptions fall to the ground all about 
the opening, and thus build up a circular rim. Sometimes a 
great explosion blows off the upper part of a conical moun- 
tain, leaving a hollow in its place. And sometimes the in- 
terior of the mountain is melted out, letting the top fall in. 

(H) A volcano, like a mountain range, is caused by fin'ces 
belonging to the mysterious interior of the earth. As soon 
as made it is attacked by the destructive forces of air and 
water, which gradually wear it away. Growth and decay 
make up the history of its life. 
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EAETIiyUAKES. 

194. In volcanic regions. — The earthfjuake and the vol- 
cano often go together. Thus, earthquakes are common 
al)out Xaples and Mount Vesuvius. Before the great erup- 
tion of TO A. II., shakings of the earth had occurred for sev- 
eral years. When tlie energy that liad heen sealed below 
the surface broke forth, the shaking ceased. Still farther 
south in Italy great earthquakes have shaken the Calalirian 
region repeatedly. For four years, beginning in 1783, they 
were almost constant. Nine hundred and forty-nine shocks 
took place in tlie single year 1783. Over a large district 
all the villages and towns were reduced to ruins. The sur- 
face often rolled like sea waves ; trees rocked, and monu- 
ments were thrown down, or twisted about on their founda- 
tions. Deep fissures and ravines were opened in the soil 
and in the rocks. Animals, and even houses, were engulfed 
in some of these. In some places funnel-shaped basins were 
formed and occupied by water, thus creating ponds or small 
lakes. In the mountain regions, landslides occurred, and 
rivers were in some cases turned from their course. In 
certain places whole villages were swept away in these 
slips. On the shore, the inrushing of great waves destroyed 
much life and many homes. Such waves are due to the 
shaking of the earth's crust and should never be called 
tidal. Abou.t 40,000 people lost their lives directly through 
these earthquakes, while many others died of pestilence or 
neglect. 

The Calabrian shocks must serve as an illustration of 
many. New Zealand, Chile, the East Indies, and Japan 
have all suffered from powerful disturbances. Xowhere 
has there been greater havoc than in closely peopled 
Japan. Deep fissures, houses and towns shaken down, and 
enormous waves rolling in from the Pacific and lU'stroving 
thousands of lives — such are the features of Japanese earth- 
quakes. 
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105. Charleston earthquake. — The date of this groat 
8hock is hS.SO. it took place at IJ.50 p. m., August 31, and 
lasted for a little more than a minute. Every huilding iu 
Charleston was more or less injured, thousands of cliimneys 
were thrown down, and the ground rocked so as to give 
the imi>ression of a heavy sea. Xear the city, the railway 
tracks were severely twisted in a numher of places, cracks 




Fig. 1.54. — Street scene in Charleston after the e.arthqiiake. 



ojiened in the ground, and water was cast up. The shock 
was felt in the Xorthern as well as the Southern States, 
and even in the Province of Ontario. At least 3, .500, 000 
square miles were affected by it. By comparison of times 
in the different places, it was found that the earthquake 
wave traveled 150 miles per minute. This shock was not 
connected with an eruption, and Cliarleston is far from any 
active volcanoes. 
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19(1. What is an earthquake? — It is not so easy to answer 
as to :isk this question. It is quite clear tliat tlie rocks of 
tlie eartli's crust receive an impulse, which spi'cads out in 
every direction, as a water-wave does when water is forcibly 
disturbed at any point. In the latter case it is not the 
water which moves, except slightly, but the force is passed 
from one part of the water to another, and thus the wave 
may cross an ocean. Just so the force or impulse travels 
in the rocks. 




Fici. 1.55.— Bends in a railway track made by file Cliarleston eartliqual^c. 



We now see that the real question is, What is the fdrce ? 
When an earthquake accompanies a volcanic explosion the 
same force evidently causes both — tlie exjoansive force of 
steam. In other cases it is thought that the forces which 
lift mountains and those which push lavas through the 
crust are able to bend or strain the rocks, and the straining 
gradually increases for a long time, until at last there is a 
sudden breaking, which gives the earthquake impulse. 



CIIAPTEE X 

THE ATMOSPHERE 

^\"e now pass from tlie forms of the land to the study of 
tlic ^Vtmospliero, wliicli covers laud and sea and lias much to 
do \yitli lioth. The word means vaj)or hall, ami is thus a 
o'ood mime for the envelope of the globe. It lies outside 
the Avatery sheet which so nearly covers tlie planet, and the 
water iii turn mantles tlie rocl^y crust. Thus the inner 
parts of tlie earth may bo tliouglit of as having three covers 
— of rock, water, and air. The atmosj)here is a part of our 
glolie, and not merely an outside Ijlanket. 

1!)?. Composition of air. — Air is the name of that mix- 
ture of gases which makes, up the atmos2)here. Before we 
give an account of these gases, we may notice certain facts 
about the air. As it has neither odor, taste, foi'ui, nor 
color, we can not smell, taste, or see it. We feel it when it 
is in motion or when wo move through it, and we notice 
keenly wliether it holds much or little heat. Our hearing 
depeiuls entirely rrpon wave motions which spread through 
it. It is elastic, and expands and contracts hy changes of 
temperature, and when pressure is withdrawn or apjjlied. 
It can 1)6 turned into liquid, a property whose importance 
ma3^ 2>rovo to 1je very great. It is essential to combustion 
as well as to the slow processes of decay, and is required, in 
lai'ger or smaller amounts, by all animals and plants (Sec. 
■;W)). 

Air is made up chiefly of the two gases, oxygen and 
nitrogen, in the proportion of one part of tlie former to four 
of the latter. The two are not chemically joined, as the 
10 33.3 
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hydrogen and oxygen of water, but are mechanically mixed. 
To stir ashes with soil would roughly illustrate the mingling 
of the invisible molecules of oxygen and nitrogen. The 
oxygen is the active element in burning, in decay, and in 
living bodies. It unites with certain substances and heat is 
given oS. If this process goes on rajndly, and much heat 
appears, we call it burning. In our bodies this action is 
constant but slower, and with less heat. In decay the pro- 
cess is very slow, and the heating is correspondingly little. 

The nitrogen, while large in amount, is the inactive ele- 
ment in the air. It does not unite with other substances, 
but without it the activity of the oxygen would be destruc- 
tive. Animals can not breathe pure oxygen. Xitrogen 
serves for the air the same purpose as the dilution of a 
strong liquid by water. 

Carbon dioxid, often called carbonic acid gas, is a com- 
bination of carbon and oxygen. It is present in the air in 
very small amount — about 0.03 of one per cent — but is of very 
great importance. Plants take in this gas through the 
leaves, break it up, use the carbon and release the oxygen. 
Animals, on the other hand, breathe in oxygen, and give off 
carbon dioxid. It is the presence of this, and other harm- 
ful vapors from the body, that makes the ventilation of 
sleeping and living rooms important. This gas is given off 
in all ordinary burning, hence the use of gas and oil lanqis 
without sufficient supplies of fresh air is harmful. We 
thus see that a gas which is injurious to animals in any but 
minute quautities is necessary to the life of plants, and tlius 
indirectly to all animal life. Certain other gases are in the 
air in very snutll amounts, but we need not concern our- 
selves with tlieui. 

The vapor of water is always present, but the quantity 
is very variable. It is gathered by evaporation, mainly 
from the ocean, is floated everywhere l)y the winds, as rain 
it waters tlie tields and fcirms the rivers. All the life of the 
laud depends upon it, and the forms of the land also, as 
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molded by solution, river, uud ghicier. In later sections wo 
shall study Humiility, Dew, Frost, Clouds, and Painfull. 
All these topics relate to moisture in the air. 

Fine dust is everywhere present, especially in the lower 
levels of the atmosphere. It is not a part of the air, but 
floats uithin it. AVe can sometimes see its particles when a 
beam of sunlight enters a poorly lighted room. The haze 
following great forest fires, and the pall often hanging over 
manufacturing cities, are due to dust. All man's oi)erations 
cast more or less dust into the air. The winds blow fine 
plant and mineral fragments up from the forests, roads, and 
fields (Chapter V), and explosive volcanic eruptions scatter 
dust widely. When heavy rains follow a })criod of drought, 
the dust is washed from the air, and we say that the air is 
cleared. AVhen rain-water is gathered in tanks and cisterns, 
some of the dust api)ears as sediment. Xot least important 
are the minute living things which are always found in the 
air, and may be blown to long distaiu;es. Such are seeds 
and the pollen of flowers, and especially the microscopic 
germs of many diseases. 

108. Weight and height of the atmosphere. — Air, though 
a mixture of gases, is a material substance, as is well shown 
by forcing it into liquid form. It has weight, therefore, 
though much less than a. liquid or solid. In the space of a 
cubic foot there is more than an ounce of air, and an ordi- 
nary school-room contains several liuudred pou7uls. Be- 
cause of its weight, air j)ushes dowi^ward, pressing on the 
ground and the ocean. The upper part of the atmosphere 
also presses on the'lower part. Though the atmosphere is 
really not separated into parts, we can t]ii]i.k of it as com- 
posed of horizontal layers, resting one on another, and thus 
compare it to a pile of boards. Just as each board l)cars 
the weight of all the boards aliove it, so each layer of air is 
pressed upon by the weight of all tlie air al)ove it. The 
boards are unyielding, but tlie elastic air is crowded together 
by the pressure — like a dry sponge or a coiled spring. The 
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greater the pressure, the more the air is packed together. 
So low layers of air, sustaining great weight, are compara- 
tively dense, and high layers, sustaining less weight, are 
comparatively thin or rare. There is a gradual thinning 

from the level of the sea 
upward; about the top of 
Mount St. Elias the air is 
only half as dense as about 
its base. Therefore, on a 
high mountain the lungs 
get less air at each breath, 
and one must breathe quick- 
ly to keep them supplied. 
A very little exertion makes 
one pant violently. 

In the first few miles of 
ascent the air thins more 
rapidly than at greater 
heights, and the change 
finally becomes very gradu- 
al. Reasons have been found 
for feeling sure that very 
thin air exists at the height 
of a hundred miles. How 
much farther out into space 
the last scanty remiuint of 
our atmosphere reaches may 
never ho known. By far the greater part of it, as measured 
by weight, lies below the level of tlie highest mountain tops 
(see Fig. 156). 

lO'.i. Humidity. — This is a scientific term which is also 
much used in common speech in referring to the moisture 
of the atmosphere. Tf there is much moisture we say that 
the humidity is great. In warm weather the air is heavy 
and lifeless, and we call the day or the night sultry. h\ 
addition to the depressing effect, we perspire freely. Mois- 




Fig. 156. — In:tL,^r;ini ot tin- atmospIuTC. 
Varyiiij^ dt-ptli of shade- indicates 
varyiii;^ density. The highest peak 
eurres|)0]Kls to the Himalaya, the 
lower peaks to the Sierra Nevada 
and Rocky Monntains. 
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ture is always escaping from tlie pores of the skin, but in 
dry weather it evajDorates. Warm and humid air about us 
is like a filled sponge, refusing to absorb more, hence the 
drops gatlier on the body. If the air is cold and humid, it 
brings chill and a cutting sensation upon exposure. In 
dry, hot days the air is like an empty sponge — it absorl)s 
readily, plants lose their moisture through the leaves and 
wilt, washed clothes dry rapidly, and we say the humidity 
is low. 

The warmer the air, the more water vapor it can hold. 
The sun's heat, falling on the sea, on rivers, and on moist 
earth, causes evaporation. If the air has thus taken in all 
the vapor it can hold at a particular temperature, and the 
temperature he lowered, some of the invisible particles will 
fly together — that is, condensation will take place — and 
there will be fog, clouds, dew, rain, or snow. Tlius the 
atmosphere is always receiving water in some jjlaces and 
yielding it wp in others. 

If air at a temperature of 75° (or any other degree) has 
all the vapor it can hold, it is said to be saturated. Its 
vapor contents exactly equal its capacity for vapor, and 
hence the relative humidity is said to be 100 per cent. If 
the same air were filled to only half its capacity, the rela- 
tive humidity would be 50 per cent. If now we gradually 
lower the temjierature, but keep the amount of water the 
same, we come at last to the point of saturation, and the 
relative humidity becomes 100 per cent, instead of 50 per 
cent. Relative humidity does not tell us how much water 
tliere is in the air, but it gives the ratio of the moisture 
present, to that which the air at that temperature is able 
to hold. 

200. Dew and frost. — As night comes on the sun's heat 
is removed, the air grows cool, especially near the ground ; 
its ability to hold moisture decreases, and it may become 
saturated — that is, the relative humidity may become 100 
per cent. If now the temperature continues to go down, 
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the viipor will condense and be found on grass and leaves, 
and even sometimes on root's and stones. This is Dew. 
The temperature at which it begins to form is known as 
the Dew-point. 

Not all of the drojjs which in the morning sparkle on 
blades of grass and leaves of shrubs and trees have come 
from the air. Many of them have traveled up through 
roots and stems and been " transpired " by the leaves. 
This goes on by day also, but the water is at once evapo- 
rated, l^ecause then the air near the ground is warm. Thus 
plants as well as animals condense the vapor on their out- 
side surfaces when the air is overcharged with water. 

When the air is comparatively dry (relative humidity 
low), and the drop in temperature is slight, there will be 
no dew, the point of saturation not being reached. Dew is 
not apt to be formed on cloud}^ nights, because the clouds 
prevent the rapid cooling of the ground. It will be under- 
stood that the dew does not really "fall," but gathers by 
direct contact with moist air. 

If the surplus moisture from the air or from the ground 
condenses at temperatures below the freezing-point we 
have white frost, or " hoar " frost, instead of dew. It is 
most noticeable in autumn and spring upon roofs, fences, 
and fields. Clouds often prevent frost by holding in the 
heat which has accumulated during the day, and we some- 
times imitate nature by covering plants on clear nights to 
protect them from frost. 

201. Clouds and fog. — Fog is a cloud in the lower air. 
If the dew-iioint is reached at the earth's surface, moisture 
gathers there. If a few feet or a few hundred feet of the 
lower air cool to the dew-point, fog is formed. The par- 
ticles of invisil)le vapor unite aiul become visible, but are 
still so small tliat the air supjjorts them. Thus it is that a 
thin layer of mist may spread over a swamp or valley bot- 
tom, so that: from a hilltop we can look out over a lake of 
fog. In the rays of the sun the air grows warmer, and 



Fia. 157. —Cirrus clouds. 




]''ii;. l.'i.s. — Ili^li ciiiiiuliis clouds. 
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when tlie relative humidity falls below 100 per eeiit the 
fog evcijjonites. 

Clouds are not diiierent from fogs except that tliey are 
higher in the air. If we ascend a mountain which is 
wrapiDcd in cloud, we find ourselves envelojied in fog. 
Clouds are caused l)y condensation resulting from the cool- 
ing of the air. The cooling may be brought about in vari- 
ous ways, but is usually occasioned by an upward movement 
of air. So als40 clouds are sometimes dissolveil when air is 
warmed by downward movement. We shall see how the 
rising and sinking of bodies of air make them cooler and 
warmer when we study the sections (307-210) on heat and 
temperature. 

A little watching of clouds will show us that we can 
divide them roughly into classes by their form. Ascend- 
ing currents of moist air cool, condense, and roll up moun- 
tainous masses of cloud, having a height of thousands of 
feet or sometimes of several miles. Whether large or small, 
they are known as Cumulus clouds. Their bases arc hori- 
zontal, and mark the level at which the rising air is cooled 
to the dew-jioint so that condensation begins. Great 
cumulus clouds, gi'owing rapidly in height, are often seen 
in summer in connection with thunder-storms. They are 
23opularly spoken of as " thunder heads." Tangled and 
feathery, delicate and plnme-like clouds arc called Cirrus. 
They are the highest clouds, usually from 5 to 10 miles 
above the sea level, and they are thin, obstructing but 
slightly the passage of the sun"s rays. Any widely spread 
cloud mass from which rain or snow is falling mav lie 
called Xindms, and the name Stratus is somctinu'S applied 
to horizontal layers of cloud. 

202. Rain aud snow. — Everything that moves through 
the air i-ouscs a resista.nce called friction. Heavy bodies 
are less checked by this friction than light bmlies. The 
minute wdtcr partii'h^s forming clouds, like the particles of 
fine dust, liave so little weight that their falling is exceed- 
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ingly slow, and we say they float in tlio air. If tlie con- 
densation that made them is carried fartlier they grow 
larger, fall faster, gather still more moisture as they de- 
scend through moist air, and come down as Kain. 

If condensation takes place in a region whose tempera- 
ture is below the freezing-2:)oint, the moisture gathers into 
crystals of ice of various forms, and these fall as Snow. 
Flakes of snow are related to drops of rain as hoar frost is 
to dew. When a cloud in which rain-drops are forming is 
at the same time cooled below 33°, the drops are frozen to 
ice 2:»ellets. Sometimes these pellets, by falling through 
freezing rain, or rain and snow, gather more ice and become 
hailstones, and these are often large enough to reach the 
earth without melting. 

203. Rainfall. — This term is applied to all descent of 
water to the earth's surface, whether as rain, snow, or 
hail. It relates to the quantity of the downfall. The word 
Precipitation is also used in this sense. As we shall see 
in Chapter XI, the rainfall of a region is one of the most 
important elements of its climate. When snow falls in 
still weather it makes an even layer on the ground, and we 
can measure its depth in inches or feet. But as snow may 
be wet and heavy or dry and light, such measurement does 
not tell how much water the snow represents. Therefore, 
for exactness, tlie snow resting on a definite space — a 
square foot, for example — is melted, and the resulting water 
is measured. To learn the amount of rain which falls, a 
vessel like a bucket, with straight sides, is jilaced out of 
doors, and after each rain the deirth of the water caught 
in it is measured. The quantity of rainfall at any place or 
in any time is expressed in inches of depth. 

The map of the United States in Fig. IGO shows by 
shades of blue the amount of rainfall during a year in dif- 
ferent parts. For example, a shade made by parallel, slant- 
ing lines covers all districts in wliich the rainfall is more 
than 30 inches and less than 40 inches. There is a " scale 
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of shades " to show wliat each pattern stands for, and with 
its help any part of tlie map can be read. The niajj should 
be carefnlly studied not only because of the information it 
gives about rain, but because it is an example of an im- 
portant mode of combining many facts into a sort of picture 
easily understood. Sucli a map is said to show the Geo- 
graphic Distribution of rainfall. Instead of rainfall, colors 
and shades may be made to stand for temperatures, or soils, 
or population, or anything else having a geograi^hic arrange- 
ment. 

A narrow belt along the sea in C)regon and Washington 
receives more than 60 inches of rainfall in a year. In places 
in the latter State the amount is a little more than 100 
inches. The west winds from the warm Pacific, laden with 
vaj^or, are chilled to the dew-point as they begin their jour- 
ney over the cooler land. Similar abundant rains occur in 
part of Florida, and the rainfall of all the States bordering 
the Gulf of Mexico and the Atlantic Ocean is in general 
more than 50 inches per year. 

On the other hand, there are districts in Xevada, south- 
ern California, and Arizona where the rainfall is less than 
5 inches a year; and over most of Xevada and Utah, with 
parts of Arizona, Xew Mexico, Colorado, and Wyoming, the 
amount is below 10 inches a year. A still wider belt, reach- 
ing from middle Oregon far into Nebraska and southward, 
has less than 30 inches. Here is the great arid region of 
the United States. The moist air from the ocean loses 
much of its moisture in passing the mountains of the 
coastal belt, especially at the north, and has little rain to 
distribute in the interior. The Rocky ilountains receive 
much more of this remnant than the plateaus on either 
hand. 

In southern California, Lower California, and northern 
Mexico the arid region extends to the very coast of the 
Pacific Ocean, the explanation being found in the compara- 
tive warmth of the land as compared to the ocean. This 
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leads to tlie princijile that mere nearness to the ocean does 
not cause ahundant rain unless the air from the ocean 
gro^vs cooler in crossing the hind. If the ocean is cooler 
tlian the adjacent laud, then whatever winds blow from 
ocean to land have their ca.jiacity for moisture increased liy 
Avarniing, and instead of dropping rain, drink up any water 
they find. 

The northern Mississippi region receives a medium 
amount of rain. It has enough to supjiort abundant vege- 
tation, hut less than tlie regions adjoining the Gulf or either 
ocean. Tliis lirings out another great jirinciple : that rain- 
fall is less abundant in the interior of continents than it 
is upon their borders. Such lands are farther from the 
source of supply. 

If we go south we shall find very great rainfall in some 
jiarts of Central America, and in the northern, central, raid 
eastern parts of iSoutli America. Much of the Amazon 
country receives over 80 inches. The prevailing winds 
from the warmest part of the Atlantic explain this condi- 
tion, which is the great exception to the rule of small rain- 
fall in the centers of continents. We may now say that, 
as a rule, rains are more abundant in tlie tropical latitudes, 
but there are exceptions to this principle, as some parts of 
South America, west of the Andes, are very dry. A\'e may 
also observe that in polar latitudes the rainfall (mainly as 
snow) is less than in temperate and tro])ical regions, he- 
cause these regions are too cold for much water to be ev.,p- 
orated from the seas. 

The rainfall of (ireat Britain and Ireland (Fig. Kil) gives 
us an interesting parallel, on a small scale, with the western 
United States. The moisture-bearing winds come from the 
Atlantic, and the western coasts have 40 inches of rainfall, 
with 00 to 80 inches on the highlands, but the central and 
eastern plains have only 25 to 30 inches. In a hot region 
25 inches of rain would be a meager supply for farm or 
garden, but in the cool climate of England it is ample. As 
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we go eastward over the plains of Europe, we find tlie rain- 
fall gradually less, and much of Eussia is arid — further illus- 
trating the principle tliat the interior of a continent is drier 

than its Ijorders. In south- 
ern Europe the Alps re- 
ceire abundant moisture, 
brought by warm winds 
from the evaporuting sur- 
face of the Mediterranean. 
Tiie rainfall of Asia 
shows the usual contrasts 
between the sea border and 
iiiterior, and between trop- 
ical and arctic latitudes. 
Thus, in India and Burma, 
the southwest monsoons 
(Sec. 224 and Fig. 1 82 ) from 
the Indian Ocean bring 
great rains, and southern 
Asia is well watered up to 
the Himalaya ilountaius. 
Amid their cohl heights 
the moisture whicli has 
been successfully carried 
over the plains of India is condensed, aiid the higli plateaus 
of Tibet and of central Asia in general are a desert. Soutli- 
ern Siberia receives moderate rainfall, but tlie north is 
dry, even though bordering the Arctic Sea, for the reason 
already stated, that little evaporation can take place where 
winter continues for most of the year. 

Eastern Asia has a plentiful supply of rain. Japan has 
a rainy season lasting most of the time from April uniil 
September. The average fall at Tohio is 58 inclies. Tliis 
resembles in abundance that of western "Washington and 
tlie Florida coast in our own country. At the capital of 
Korea the rainfall averages 3(i inclies, but at Ilonghong, 




Fh:. IM.— Rainfall map (jf the British i.s- 
lands. The coiiiitry with more than 20 
and less than 40 inches is shaded by 
obiiqne lines ; that with between 40 and 
60 inches, by vertical parallel lines ; with 
between 00 and SO inches by crossed 
lines ; with more than SO inches, by solid 
bhick. (See page 3.33.) 
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much I'ai-tlier south and directly atfectcd })y the sea., the 
amount is 78 inches. Siiuihirly lieavy is tlie rainfall of the 
riiilippine Islands and the Dutch East Indies. The most 
wonderful rainfall in the world is found where the monsoon 
winds from the Indian Ocean send down their moisture 
upon the delta region of the Ganges, resulting in an average 
fall of 500 inches a year, and amounting in one exceptioiud 
year to 800 inches, which, if it could have remained on the 
surface, would have formed a sea 07 feet deep. 




Fin. lia, — Riiinfall map of Australia. Dotted lines run tliroiigh points of equal rain- 
fall. Tljc ccamtry with iiicire than .5 and les.s than 20 inclies rainfall is shaded by 
broken horizontal lines; that witli between 30 and JO iiielirs, by oliliqne lines ; 
^\■ith more than 40 inches, by vertieal line.s. 

Australia, (Fig. 162) has an enormous interior area with 
raiuftill of less than 10 inches. In a general way, this in- 
creases toward the shore line, though parts of the south 
and w^est coast are dry. The north and east coast areas 
Iiave from 30 up to 50 inches or more. We still find our 
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principle of ii dry interior and u wet border true for the 
great lands. 

The largest dry area in the world is the Sahara of N^orth 
Africa. The general movement of air across it is from the 
Mediterranean at the north, and this air, passing from a 
relatively cool ocean to a very warm land, refuses to give up 
its water. The same princijile controls as in southern Cali- 
fornia. 

Light and Color 

204. Light. — The light which comes to us from the sun 
travels in a straight line, and with such wonderful speed 
that it reaches the earth in about eight minutes. It is 
white, and we commonly say it is without color, but the 
absence of color is really black, and white is the sum of all 
colors. A beam of white sunlight is made up of a great 
number of variously colored rays — red, orange, yellow, 
green, blue, violet. The full understanding of the nature 
of light belongs to the subject of physics, but w^e need 
to know a few of its properties, in order to study the sky 
intelligently. 

There are three ways in which wdiite light is divided 
into the colors which compose it: (1) When it falls on an 
object which is neither white nor black, some of the rays 
are absorbed and disappear while others are Eeflected. 
Thus grass reflects the green rays and a lemon tlie yellow 
rays. (3) When sunlight passes from one transparent sub- 
stance to another its rays are usually bent or Eefracted, 
and some rays are bent moi-e than others. Tlius if a nar- 
row beam of light is allowed to pass through a glass prism 
to a sheet of white paper, tlie red rays reach tlie pajicr in 
one place, the yellow in another, the blue in another, and 
we have a beautiful .series of color-bauds. (:>) And when 
light is sifted througli a thin cloud (d" very fine |>arti(des it 
is scattered by DitTr:iction, the several c(dor3 being differ- 
ently affected and thus separated. Nearly all the beautiful 
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aud infinitely varied colors of nature are produced in some 
one of these ways. 

205. Colors of the sky. — We have already learned that 
the atmosphere carries small particles i)icked up hy the 
wind. The finest of these are so minute as to be invisible ; 
they iloat so high as to be above all rain antl are never 
washed out. Their existence is known only by their effect 
on sunliglit, which they scatter enough to give color to the 
sky. Without the dust a cloudless sky would be black. 
With it all the ui)per part is blue, clumging to 2)ale gray 
near the sun and near the horizon, while at sunset and 
sunrise the blue grades downward into rich yellow and 
rose, orange and red. Little woiuler is it that the sky is 
thought by savage peoples to be a solid dome of crystal. 

When the lower air contains coarser dust, or haze, all 
the colors become duller, and grays predominate ; but what 
may be called water-dust — the minute ])articles of vapor at 
the edges of clouds — give at sunset the most intense of all 
sky colors. The great explosion of Krakatoa in lS(So sent 
an immense cloud of fine dust into the upper air, which 
gradually drifted and spread, intensifying the sunset effects 
wherever it went. Within a year it had covered the whole 
globe, and it settled from the adr so slowly that some of its 
effects were still visible three years later. 

200. The rainbow. — Tliis is an arch showing the colors 
given by the prism. It is seen where the sun shines on 
drops of falling water. It most often appears after a 
thunder-shower has jiassed, but on a small scale may be 
seen in the spray of a waterfall or even an artificial spray. 
In each drop of water the sun's rays are bent (refracted), 
turned back (reflected), and bent again, and tlie white light 
is broken up into its constituent colors. The raiiibow is 
not seen in widely extended rains, because the clouds then 
cut off the sunlight. 

A halo is a ring of light about the sun or moon, and is 
believed to be due to similar action of the liglit rays upon 
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very small ice crystals, forming thin clouds in the upper 
regions of the atmosjjhere. 

Tempekatl:ke of the Atmospjieee 

307. Measurement of temperature. — This is done more or 
less carefidly by almost every one in civilized lands. The 
instrument is the Thermometer (from two 
Greek words meaning warm and measure). 
A small glass tube, of uniform size, has a 
bulb at one end which is filled with some 
liquid, usually mercury, which extends part 
way up the tube. If the mercury is warmed 
it expands, some of it passes from the bulb 
to the tube, and the column of mercury in 
the tube grows longer. If the mercury is 
cooled the column becomes sliorter. Thus 
the position of the top of the column de- 
pends on the degree of warmth, or the Tem- 
perature, of the mercury. To each ther- 
mometer a scale of parts is attached. Eng- 
lish-speaking peoples use mainly what is 
known as the Fahrenheit scale, on which 
the temperature at which water freezes is 
marked as 33°, and the temperature at which 
water boils as 312°. In many other countries 
the Centigrade scale is used, in which (1 

Fig. ]e.3.-A llicr- ^ ' 

mometer with marks the freezing-point and 100'' the loil- 
Faiu-chrit and jna-point of watcr. As 180 degrees of one 

Centigradi' scales. "^ 

scale covers the same range as 100 degrees 
of tlie other, their degrees have not the same size. One 
degree of the centigrade scale equals l.S degree of the 
Fahrenlieit. In this book the Fahrenlieit scale is used. 

To measure the temperature of the air the thermometer 
is hung where it will not he affected by heat radiated from 
other ol)jects, especially the sun and the human hodv, and 
allowed to remain a few minutes until the air has had time 
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to cool or wiirm the mercury to its own temperature. Theu 
tlie top of the mercury column is compared with the scale, 
and the mark it stands nearest is noted. This is called 
" reading the thermometer '' or " observing the tempera- 
ture." 

308. Source of heat in the atmosphere. — AVe may neglect 
the small amount that comes from the stars. So also we 
may leave out of account any heat from the earth's interior. 
The cold crust lets little heat come through, except locally 
in volcanic eruptions and hot springs. Practically all at- 
mosjiheric warmth comes from the sun. As the earth is only 
a speck, far from the sun, and the sun Idazes out in all 
directions, we receive only an inconceivably small fraction 
of the sun's total heat. But without it the earth would be 
a frozen, dark, and lifeless ball. 

309. Modes of -warming and cooling. — Place a brick on a 
hot stove. After it has been there a few minutes lift it for 
a moment and feel the under surface. It is warm. It 
has become warm l)y receiving heat from the iron of the 
stove. You know that it is warm because it communicates 
heat to your hand. Such transfers of heat are called Con- 
duction. Conduction may also take place within a body ; 
leave the brick on the stove for an hour, and the heat will 
be conducted through it so that the top as well as the bottom 
will be hot. Xow set the hot brick away from the stove, 
and then bring your hand near it. Without touching it 
you feel its heat. This is because the brick is losing heat 
l)y Eadiation ; your hand receives some of its rays and is 
warmed. In time it will radiate away all the heat it gained 
from the stove and be as cool as the air about it. Try yet 
anotlier experiment. Bring your hand near a block of ice. 
Your hand is cooled because it radiates heat to the ice. 
Take the ice in j^our hand and the hand soon becomes 
unpleasantly cold ; the heat is now passing from it by con- 
duction. All bodies luive some heat, but there are differ- 
ences in quantity. The imjjortant principle is that heat 

17 
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constantly tends to pass, by conduction and radiation, from 
warmer to cooler bodies. We are now ready to understand — 

310. How the sun warms the atmosphere. — Tbe sun's 
rays, falling all day on the ground and the ocean, warm 
tlu^m. The ground and ocean, because they are warm, 
radiate heat outw;ird. Both radiations pass through the 
air, and the air is warmed by them. The amount of heat 
received Ijy the air directly is small, but the dust and cloud 
jjarticles absorb heat more freely than the gases, and much 
that they receive is given to the air about them. The air 
is also warmed by contact with the warm ground. 

At night the outward radiation by ground and ocean, 
cloud and dust, is not l)alanced by the sun's radiation and 
there is a general cooling. The change in temperature 
from day to night and night to day is small in the upper 
air and greatest at the ground. So the ground at night 
usually cools the low-lying air instead of warming it. 

Clouds intercept radiation whether from above or be- 
low. So when a dense canopy spa7is all the sky the ground 
is little warmed in the day and little cooled at night, and 
the lower air, with which we are most concerned, uuder- 
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goes little change. So, too, haze protects the ground and 
the lowest air from extriune changes ; but the liazv air 
itself is warmed and cooled more than clear air would be. 
It is when the sky is (dearest that we feel the greatest 
changes in the warmth of the air. In dear weather come 
the hottest days of summer, the latest frosts of spring, and 
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the earliest frosts of autumn. The sun's rays do not seem 
so warm in early morning and late afternoon as they do in 
the middle of the day ; and, in fact, they carry less heat 
then, for they have lost more in passing through the air. 
Fig. 104 shows this. Tlie curve through A stands for the 
earth's surface, the curve close to it for the upper limit of 
clouds, and the uj)per curve for the outer limit of the 
atmosphere. Sujjpose we are at A. When the sun is 
loAv in tlie sky the rays that reach us pass through much 
more air (/-' to .1) than when the sun is high {B to A) ; 
and the difference is still 
greater {B to A, com- 
pared with C to A) in 
respect to the denser air 
which absorbs most heat, 
lu the warming of the 
ground there is another 
difference also, for a 
slanting beam spreads its 
warming eii'ect over a 

larger surface than a vertical beam of the same size (Fig. 
105), and even if it had the same total amount of heat to 
bestow, could give less to each square foot of surface. 

211. Temperature of day and night. — \\'e have just seen 
that the sun warms the air most when it is highest in the 
sky, and that is at noon ; but the warmest part of the day 
is usually several hours later. This is because heat is ac- 
cumulated. Tlie air about us is all the time receiving heat 
in various ways and all the time parting with it. 8o long 
as it gains more than it loses the temperature rises ; when 
it loses more than it gains the temperature falls. On ordi- 
nary days the temperature begins to rise just after sunrise, 
and rises most rapidly in the middle of the forenoon. It 
stands highest at about two or three o'clock, and then falls 
through the remainder of the day and all the night. 

Hang a thermometer in some convenient place out of 



Fig. 105. — The influence of a slanting iienm is 
Sjiread over a larger area than that of a verti- 
cal heam. 



242 AN INTRODUCTION TO PHYSICAL GEOGRAPnY 



doors, where it will be in shadow all the time, and then 
take a reading every honr. Enle a sheet of paper, as in 
Fig. 166, with two sets of lines. Make each vertical line 
stand for a particular honr and each horizontal line for a 
particular degree of temperature, and mark them with 
figures at top and side. Suppose your first reading in the 
morning is at six o'clock and you find the temperature to 
be 24°. Make a dot on the jiaper where the line for 6 
A. M. is crossed by the line for 24°. At seven o'clock yon 
may find the temperature 23°, and at eight o'clock 26°. 
Make the dots at the proper places, and connect each dot 
with the next one by a line. At the end of the day you will 
have a record of the temperature. In the figure the record is 
complete for twenty-four hours. Such a record, by means 
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P""!*;. 166.— A tlicrniometer ri?cord for a complete day, beL^nmiini,^ at li a, m 

of a rising and falling line, is called a Curve of Tempera- 
ture. The upward swing in the afternoon shows the warm- 
est part of the day; the downward swing, near morning, 
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shows the coldest j'M't of the night. Not all days yield 
the same kind of record. Clouds may interfere Avitli the 
warming of tlie air or with its cooling, or winds may bring 
warmer or cooler air from some other jdace. 

213. Temperature and latitude. — Let us think of the 
earth at one of the equiuoxes (page 25), when day and 
night are equal in all the zones, for these positions rei)re- 
sent the average for the whole year. In ti'opical lati- 
tudes (Fig. 107) the midday rays come directly down 
through the air and have their 
greatest heating power ; in tem- 
2)erate regions they come slant- 
ing to the ground and are less 
effective ; and in jjolar regions 
their direction is still less favor- 
able. So tropical lands and 
seas are very warm, polar re- 
gions are very cold, and there 
is a gradual transition from 
trojiieal warmth to polar cold. 

It is true that in another part of the year the northern 
hemis])liere, for examjde, is tipped toward the sun and gets 
more heat; but this advantage is exactly balanced liy a 
disadvantage six months later. Tlie tipping causes tlie 
yearly procession of the seasons, but does not affect tlie 
average or, as it is called, metm temj)erature. 

The cause of the seasons has been so fully descrilK'd in 
Sections 19 to 22 that oidy a reference is needed in this 
place, but mention may be made of an additiojiai fact 
which Section 211 eniibles us to understand. Just as tlie 
day heat accumulates till the middle of the afternoon, 
so the summer heat accumulates until a month or more 
after the solstice. The longest days come in the second 
half of June, and the sun's rays are tlieii nmst jiowerful, 
but our liottest month is usually July or August instead 
of June. 



POLAR 

Fk;, ](i7.— Kelation of thi' throat zone 
of the earth to the suii'^ rajs ii 
March and September. 
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The normal or average curves of temperature for the year 
at three cities are given in Fig. 108. The curve showing 
the observations for a single year would not he smooth, but 
very irregular, going up and down steeply for each day and 
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Fig. 1(J8. — Annual curves of temperature for New Orleans (hit. .'iO"!, Cincinnati (lat. 
39"), and Montreal (lat. 4.o" 30'). 

night, and for all the warm and cold periods. Xote the 
differences due to latitude, also tliat Xew Orleans .shows 
least change from winter to summer. This is because it is 
nearest the equator, and because the neighboring waters of 
the Gulf temper the climate (Sec. 31-1). 

213. Temperature affected by winds and currents. — We 
have seen that the day and night changes of tempera- 
ture are not always the same, ^'or does latitude tell us 
surely the amount of heat which the air will contain at a 
given place. (Jreat winds, either stead}- or in transient 
storms, sweep volumes of warm air into cold regions, or 
masses of cold air into warmer phux's, and thus cause 
great and often sudden variations, as when a warm in- 
terval in winter or summer is followed l)y a sudden drop 
of ;.'0'\ ,30", or 40° in the temperature. Smdi changes will 
be explained in the following chapter. Ocean currents 
also, like the Gulf Streain, transfer great qutintities of 
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warm or cold water across tliousaiids of miles of latitude, 
and change thus tlie amount of heat in the overlying air. 

214:. Temperature affected by land and water. — Earth and 
rock are not penetrated by the sun's rays. The daily warm- 
ing and nightly cooling extend but a few inches into the 
ground. Even the accumulated heat of summer does not 
penetrate many feet. But water allows the rays to enter 
freely to some scores or hundreds of feet in depth, and 
through all this space receives heat. The sea warms less 
rapidly than the land, but when warmed retains heat longer. 
Hence the temperatures are less extreme and less exjxjsed 
to sudden change on water than on lanil. The winter 
voyager on the ocean often encounters but a moderate de- 
gree of colli. Thns wo can understand why the climate is 
more mild in tlie autumn in the jiresenco of large lakes. 
Frosts hold oif so long as tlie body of warm water is giving 
forth the heat accumulated in the summer. This is one 
of the reasons why the lake regions of western Xew York 
liave proved favorahle for tlie raising of fruits. But as the 
cold becomes intense, the surface waters are chilled, grow 
dense, and sink to the bottom, until at length the waters 
as a whole have lost much heat, and the smaller or more 
shallow lakes are frozen over. 

215. Temperature affected by altitude. — Illustrations of 
increasing cold and changing plant growth have already 
been given in our study of mountains (Sec. 177). As a 
rule the temperature decreases about 1° for every oOO feet 
of altitude. Two exjieriments will help to explain this. Fill 
a bicycle tire by means of an ordinary bicycle pump. Then 
feel the j)umji cylinder and tire. The cylinder is warm, 
especially at the end where the air has Ijeen compressed, 
and the tire is also warm. This Tiieans that the air has 
been warmed by compression. A\'ait until the tire has 
cooled to the temperature of the surrounding air ; then 
open the valve and let the air in the tire escape. As it 
blows on your hand you feel that it is cold. It has been 
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cooled by expansion. The general principle is that air and 
other gases grow warm when they are crowded into less 
space, and grow cool when they push apart so as to oeeujoy 
more space. 

As we shall presently see, the air has many motions. 
Some of them are horizontal, others up and down. When a 
body of air goes down, it is subject to more pressure (Sec. 
198), and the compression warms it ; when air goes up it is 
partly relieved of pressure, and its expansion cools it. Thus 
the changes, back and forth, between higher and lower 
parts of the atmosphere keep the lowlands warmer than 
the uplands and give to the loftiest peaks perpetual frost. 

216. The mapping of temperature. Isotherms. — We shall 
see, as we go on, that it is important to record the tem- 
perature of many places on a nuxp, so that the distribution 
of heat over large regions may be seen at a glance. This 
is accomplished by having reports of thermometer readings 
at a given time sent in by telegraph from hundreds of ob- 
servers in diSerent places. TJiese temperature figures are 
written on the map in their proper places. Lines are now 
drawn through places having equal temperatures. This 
will be best understood by studying a temperature map 
of the United States (Fig. 101)). The one chosen is lor 
January 7, 1880, at 7 a. m. A dotted line has been traced 
through all stations reporting a temperature of zero. We 
find the line running from Quebec past Buffalo. Then it 
swings far to the north and almost follows the curve of the 
north shore of Lake Superior. It then passes south and west 
through Minnesota, Iowa, eastern Kebraska, and Kansas, 
crosses southern Colorado, and runs up to northwestern 
Utah. The map does not mean that the belt of zero tem- 
perature stopped a.t Montreal and in Nevada, but only that 
observations were not re])orted beyond those two points. 
All areas north of tliis line have temperatures belo^^■ zero, 
and the lines ai-e drawn for each 10 degrees down to 
—30°. This is in Montana. There were doubtless still 
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lower temperatures farther north, but the curves beyond 
the United States boundary are not given. In the east tlie 
line for —10° is a little north of Lake Ontario. Thus it 
appears that intense cold prevailed in Canada, extending 
down into Kew York at the east, and as far down as tlie 
southern border of Colorado in the west. 

All the land south of the zero line was warmer. Thus 
we find 20° at Cincinnati, oO' near Little Eock, 40° south 
of Vicksburg, and 50° at Galveston. Tlie line of 32° — that 
is, of the freezing temperature — is not drawn, but would 
ru7i a little south of the line for 30°. This suggests that a 
line might be drawn for every degree, if observations were 
numerous enough, but so many lines would make a con- 
fused nuip. Such lines are called Isotherms (meaning 
equal heat), and they are an essential part of all weather 
maps. 

This map should be studied tlioroughly, for it explains 
the principle of all temjierature majis ; but it sliows the 
conditions for one morning only in one country. With ob- 
servations enough, and if it were possible to have reported 
them from all lands and all parts of the sea, a temperature 
cliart of the world for that morning could have been 
made. This can not be done, but records can be kept by 
thousands of observers in different countries and on board 
shiji in all oceans, and a map of mean temperatures for a 
longer time can be made. For examjile, if the thermometer 
were read several times each day and night for a month 
in Xew York city, we could easily find the mean tempera- 
ture for that month. Doing the same for all weather 
stations in the United States, and putting the means on 
the map, as we did the records of one cold morning, wc 
could draw the isotherms for the month. 

'"I'he student will now be ready to stiuly tliree maps 
showing mean temperatures for tlie world. Fig. 170 sliows 
the isotherms for January. This means that all possible 
observations on land and sea have been taken into account, 
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averaged for each locality, and the lines drawn through 
points of equal mean temperature. Fig. 171 shows the 
same for July, and Fig. 172 for the entire year. It will 
not be possil)le to point out all that may be learned froni a 
study of these charts, but some of the more important facts 
are as follows : 

(1) The isotherms run in general east and west direc- 
tions around the globe, like parallels of latitude, but in 
curved instead of straight lines. 

(2) Sometimes the curves are strong, showing that dif- 
ferences of land and water change the amount of heat that 
would otlierwise be present. Thus tlie January isotherms 
run far north in the Atlantic. 

(3) The isotherms are more regular in the southern 
hemisphere, because there the almost continuous water 
gives a more even temperature. 

(4) In passing from north to south, in any longitude, 
the temperatures met are first higher and higher, and then 
lower and lower ; at some j^oint a highest temperature is 
passed. The line connecting all such jioints is called the 
Heat Equator. It is a curved line and does not closely fol- 
low the geographic equator. 

(6) In January all the isotherms in both liemis23heres, 
and the heat equator also, are farther south than in July. 
The lines sway to and fro with the sun. 

One thing whicli the maps do not show is the variation 
of temperature according to height. "Whenever the record 
gave the readings on a mountain or plateaiT, a certain 
amount was added so as to obtain the corresponding temper- 
ature at the level of the sea, and the sea-level temperature 
was used in making the map. 

Further illvistrations of tlie distribution of heat in vari- 
ous parts of the M'orld will be given in the eluipter that 
follows. 

217. The Mercator projection.—Fach of our maps of iso- 
therms shows nearly tiie whole of the earth's surface, but 
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is square-cornered instead of being round like the maps in 
Fig. 0. Let us interrujjt the study of the air for a moment 
to see if we can understand why maps of the same thing do 
not always have the same shape. The skin of an orange, 
or any large piece of it, can not he made to lie out flat 
without stretching some parts. For the same reason a 
map of the round earth can not he drawn on flat paper 
M'ithout giving some parts the wrong size or wrong shape. 
In trying to make this unavoidable error as small as jdos- 
sible, geographers have contrived several different ways of 
drawing maps, each one being best for some particular use. 
The arrangements are called -Projections and have separate 
names. The maps in Figs. 170, 17f , and 172 are drawn on 
the Mercator projection. Imagine the surface of the earth 
to be divided along a meridian and thus unrolled into a 
sheet, with the equator in the middle and the polar parts 
at the edges. All cxce2)t a belt near the equator must of 
course be stretched, the amount of stretching being greater 
at a distance from the equator than near it. Thus, in Fig. 
172 the parallel of 00° is as long as the equator, although 
on a globe it is only half as long ; and Greenland seems 
larger than Australia, though really much smaller. This 
projection is useful when we wish to bring all sides of the 
earth, except the poles, into one view. 



CHAPTEE XI 

WINDS, STORMS, AND CLIMATE 

Tins cliapter will deal especially with the movements 
of the atmosphere. We have seen how the air is made 
lip, and have studied some of its relations to moisture, 
light, and heat, but before we can understand its move- 
ments we must know it in another way — as regards its 
j)ressure. 

21S. Pressure of the atmosphere. — We have already seen 
in Section lOS, that the atmosphere presses downward, and 
that its pressure is greater at low levels than at high. 
This pressure depends on the weight of the air, and varies 
somewhat in amount at any place as the temperature or 
moisture of the air is changed. The ordinary or mean 
pressure is called the normal pressure. The normal p>res- 
sure at the level of the sea is al^out 15 pounds on each 
square inch of surface. 

A\'e can tell in a rough way how warm or cold it is by 
our sensations, but we know nothing thus of the amount 
of pressure which the air exerts in its different conditions, 
excejit, as has been said, at great heights. We measure 
the pressure by means of instruments called liarometers 
(from words meaning weight and measure). One kind of 
barometer is made with mercury and a glass tube. The 
glass tube, which must be nearly a yard long and closed at 
one end {B in Fig. 17o), is filled with mercury, and then 
inverted with the open end in a basin of mercury, care 
being taken to admit no air in the tube. The mercury 
does not all run down into the basin, but only part of it ; 
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the rest stands in the tube, witli an empty space (ii to B) 
above it. You will understand why this is so if you con- 
sider that the atmosphere presses on the mercury in the 
basin, but there is nothing to press on the mercury in the 
tube. The mercury stands just high enough in the tube 
for its weight to balance the pressure of 
the air on the outside mercury. If the 
air pressure increases or diminishes, the 
column of mercury grows longer or 
shorter, and its length therefore meas- 
ures the pressure. At sea-level the nor- 
mal height of the mercury column in 
the barometer is 30 inches. For brevity 
we commonly say that the pressure of 
the air at sea-level is 30 inches. 

If we carry the instrument up a 
mountainside the top of the column will 
settle about one inch for each 900 feet 
of ascent. Hence it is that the barom- 
eter can be used for ascertaining alti- 
tude, when carried in a short time from 
one point to a higher position. As the 
mercurial barometer is heavy and incon- 
veniently carried, another instrument, 
called the aneroid barometer, is more 
often used for this purpose. 

319. Maps showing atmospheric pres- 
sures. Isobars. — As in the case of tem- 
perature, so with pressure, it is impor- 
tant to know the condition not only at 
one point but at many. It is convenient 
to record the figures for pressure at 
the respective points on a map, as of the United States. 
The same persons who observe temperatures read their 
barometers for pressure, and in the Weather Service trans- 
mit the reading to AVashiuRton. We shall best understand 
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Fig. 17:1— The barometer 
tiil)e and mercury. In 
the complete instru- 
meiit a scale of inches 
stands beside the tube, 
the zero of the scale 
being at the level of 
the mercury surface 
outside the tube. 
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by takiiic;; a real case, and will choose, as before, January 7, 
1886, at 7 A. M. The atmosjiheric i)ressures for all stations 
then reporting in the United States were first put down on. 
a map. Then lines were drawn through all points having 
the same pressure. In the ease of pressure, one-tenth of an 
inch is an imj^ortant variation, and the map was arranged 
to show differences of this amount. These lines, called 
Isobars, are shown in Fig. 17-1, and the isotherms of Fig. 
lOlI are also given. Let the student observe that there is a 
belt of normal pressure, marked by the isobar of 30 inches, 
running from Xew York southward to the Carolinas. 
Other isobars, for 39.0, 20.8, etc., apjjear to the eastward 
or to the northeast until in Nova >Scotia wc find 29.3, aud 
the region is marked as having Low pressure. 

To the west of the isobar of 30 inches we see that the 
lines swing around to the west and run across the continent, 
with higher and higher pressures in the northwest, ujitil 
the last isobar curves around the south side of an area 
marked High, in Montana. The pressure there is 30.8 
inches. Curving across the southern LTnited States is an- 
other isobar for 30 inches, and south of that the pressure 
diminishes until, in southern Texas and Mexico, we find 
another area marked low, but still 0.6 of an inch higher than 
the low area of Xova Scotia. 

Thus we find, on the morning of January 7, 1886, one 
area of high pressure and two of low pressure, all on the 
edge of the United States, or just beyond. In the inter- 
mediate regions the pressure is also intermediate. The 
most important contrast is between the northeast and the 
northwest, ranging from 29.2 up to 30.8 inches. 

All tliese pressures are supposed to he measured at sea- 
level. In the interior of the continent the barometers used 
are actually several thousand feet alx)ve sea-level, but an 
allowance has been made in each case for the loss of pres- 
sure due to height, and the pressure marked on the map is 
that which would have been found if the barometer had 
18 
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been carried down a deep well to the level of the sea and 
there read. 

The condition of the air continually changes, and the 
map we have just studied represents the temperatures and 
pressures only for a single part of one day. This will be 
plain if we now look at a map for twenty-four hours later, 
7 A. M., January 8, 1886 (Fig. 175). The student must re- 
member that continuous lines represent the belts of equal 
pressure, and for the present should neglect the other sym- 
bols of the map. The high-pressure area has moved east- 
ward and is more in Xortli Dakota than in Montana, and 
the iigure is 30.9 instead of 30.8. The isobars nearly enclose 
it instead of curving broadly south of it. Pressure is still 
low in Nova Scotia Init has slightly increased, being 29.7 
instead of 39.0. The greatest change is seen in the south, 
where a well-developed center of low prossirre appears on 
the Gulf coast, the lowest isobar marking 29.5. 

Again, let us study the jiressures one day later, January 
9 (Fig. 170). The high-pressure area has slowly moved 
eastward and is in central Xorth Dakota. A subordinate 
center of high, but not very high, pressure (30.3) has devel- 
oped in Utah, Nevada, and Idaho. The great Giilf center 
of low pressure has moved far up to the northeast, being 
central in New Jersey, with a pressure of only 28.7. Vary- 
ing pressure in any one place, and a moving to and fro of 
centers and belts of high and low pressure — these are the 
princijiles emphasized at this point. The student should 
ask himself whether he now clearly knows the meaning of 
isotherms and isobars, and thus can read a map showing 
atmospheric temperatui-es and pressures. If he can do this 
he is prepared for a further step, 

220. Winds. — Tjct us turn again to our series of nuips, 
taking first Fig. 174. The arrows show the direction toAvard 
which the wind blows, as reported by different observers on 
the morning of January 9. In the east they point toward 
the center of low jiressure. In the west they are more 
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scattering because reports are fewer, but they are pointing 
atriiji from the centers of high pressure. Tliis is a general 
hiw, that winds blow from regions of greater pressure to 
those of less. If a fire be built in a stove which stands 
in a large cold room, the region around and above the 
stove is warmed, and its air f)ecomes less dense ; it there- 
fore is a region of low pressure, and tlie colder, heavier air 
from the sides crowds in and disjilaces the warm air, which 
is thus forced upward. Tlie draft toward tire stove, whether 
strong enough to be felt or not, illustrates the origin of 
winds. They are sidewise movements by which the heavier 
air from centers or regions of high pressure is rushing toward 
the regions of low pressure. There are always winds blow- 
ing somewhere, and winds blow at frequent intervals every- 
where, because something is 
always taking place to cause 
unequal pressure. Heat [ 
comes into and goes out from 
the air, througli the succes- 
sion of day and night, by the 
changes of seasons, and in re- 
gions of varying height and 
varying moisture. The at- 
mosphere is a sea of gas, now 
at rest, now in gentle motion, 
and now tumultuous like the 
ocean in a storm. 

One further statement 
should l)e made about this 
general principle of wind 
formation. If the centers of 
high and low pressure are 
comparatively close together, 

the rush from one to the other is powerful and the wind 
lias high velocity. In sueli case the isobars lie close to- 
gether. The technical way of putting it is that the pres- 




Fli:. 177.— Till iliUlK.inc t. 1. Illpiflr llie 
upriyht is a spindle to wliich tlie 
cross-b;irs are fastened. The wind 
IHtshes harder ai^ainst the hollows of 
the Clips than airainst the <Mitsides. 
and thus turns the spindle. The 
strontjer tlie wind, the faster the spin- 
dle whirls. A connting maehine be- 
low is worked by the spindle and 
makes a record. 
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sure slope or Gradient is steep. Tlie velocity of winds is 
stated in miles per hour. Under 10 miles we may call a 
wind a breeze. A strong wind has a rate of 30 to 30 miles, 
40 to 50 miles marks a gale, and a hurricane has still 
higher speed. The direction of the wind is determined, 
if accuracy is desired, by a Wind Vane, and the velocity 
is measured by an instrument known as an Anemometer 
(Fig. 177). 

221. Prevailing westerly winds. — In the middle latitudes 
of both northern and southern hemispheres, the winds more 
often come fr(nn the west than from any other direction. 
This is true to some extent even farther north and south. 
These winds are often briefl}' mentioned as the Prevailing 
Westerlies. We do not now ask why more winds should 
come from the west, but observe that we have here one of 
the great parts of the atmospheric circulation of the planet. 
These winds blow more steadily in the southern hemisiihere 
than in ours, because there is less interruption by lands. 
Sailing vessels readily go by the way of Cape of Good Hope, 
cross the South Pacific, and return by Gape Horn, while it 
is difficult, especially near Cape Horn, to make the voyage 
in the opposite direction. 

222. Storms of the westerly winds, or cyclones. — These 
winds, especially in the northern middle zone, do not blow 
forever to the east witliout interruption. They break into 
vast whirls or spirals, something like a small whirlwind, 
excepting that the winds are not always swift, and the whirl 
maybe several hundred or one thousand miles across. Fig. 
178 shows such a whirl in the eastern United States. The 
winds are blowing toward the center, not directly, but 
in a sjiiral way, and swinging around from right to left. 
As Ave may know from the inflow of the winds, this is a 
low-pressure area. It is partly a region of rain, as indi- 
cated by the shading. Low pressure, relatively high tem- 
perature, riiin, and shifting winds characterize the region. 
It is a Cyclone or Cyclonic Storm. This is the proper use 
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of tlie word cyclone, and we should not apply it to the 
tornado. 

;Xow this cyclonic whirl is not stationary 1:)ut moving, 
nsnally in an eastwartl or northeastward direction. It will 
be followed by a center or area of high pressure, also 
steadily moving eastward. In this case the winds How 
spirally, but out from the center. Such a whirl is called 
an Anticyclone. It is associated with hjw temperature and 
clear skies. As the cyclone with its variable and warmer 
winds passes, the skies clear, the winds come from the 
northwest, the anticyclonic whirl takes possession, and we 
say that a cold wave has come. We may again refer to Fig. 
170. Observe the center of low pressure on the Atlantic 
coast, the ijillowing winds, the temperature of about 20°, 
and the great area of rain and snow stretching westward 
beyond the Mississipiji. The chief high-pressure area is on 
the Canadian border, the sky is clear, the winds flow out, 
and the temperature is —50°. Thus the low and high areas 
follow each other across our continent. We may now un- 
derstand why the temperature sometimes falls suddenly, 
30° or 40° or even 50°. It happens in the rear of a cyclonic 
storm. We shall have occasion to review these important 
facts in the section on weather prediction. 

22:5. Trade-winds. — These are the most important move- 
ments of the atmosphere in the tropical and equatorial re- 
gions. They prevail in general to 2S° north and south 
latitude. They blow obliquelv toward the equator from 
the northeast and southeast. Thus there is a broad belt of 
northeast trades in the northern hemisphere and a similar 
belt of southeast trades south of the equator. Their veloc- 
ity is 10 to .30 miles per hour. They have received their 
name from the steadiness with which they flow. The trade- 
wind belt is usually clear, notwithstanding the winds blow 
over warm seas. The reason is that the air is moving from 
cooler to warmer regions and thus can hold more va]ior 
without formino; clouds. Between the northern and south- 
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ern trades is a belt of calms. Here the moist, warm air of 
the trades rises to greater heights, is chilled and sends 
down, almost dailj^, abundant rains. This region is called 
the Doldrums. The Atlantic trades give up great quanti- 
ties of moisture in equatorial vSouth America, and up the 
eastern slope of the Andes. The west side of the range, 
however, as in Peru, is dry. Thus we see here the reverse 
of the^ conditions caused by the prevailing westerlies and 
the mountains of our Pacific coast. 

Outside of the trade-wind belts in both hemispheres is 
a belt of calms and light winds, in which, however, the cur- 
rents of air are descendiuo'. These regions are called the 




Fifi. 170. — Paths usually followed l)y centers of cyclonic storms .icross the United 
States. Path B brings more storms than any other to tlie main track, .-1. Storms 
from the southwest (I>, E) are conii)arati\'e]y mild. Tropical hurricanes follow 
path F. 



Horse Latitudes. Thus we have a great series of parallel 
wind belts. It is important to observe that the entire sys- 
tem of tropical and equatorial belts shifts somewhat north- 
ward and southward with the sun in the annual change of 
of seasons. More will be said of them in Section 330. 




Ftg. 180.— Winds of the Atlantic <")cc-;in. Tlie lon^ arrows show directions of steady 
winds, the short arrows the prevailing directions of variable winds. 
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224. Monsoons. — We sliall define these winds by a de- 
scription of the best illustration of tliem. They blow over 
southern Asia and the Indian Ocean. In tlie summer all 
the lands of India and central Asia become much heated. 
The expansion of the air makes its weight and pressure less 
than over the Indian Ocean. High pressure over the ocean 
and low pressure over the land cause winds toward the land, 
and they blow strongly and steadily all through the summer 
moTiths (Fig. 182). The southeast trades swing around 
near the equator and blow from the southwest over southern 
Asia. To these winds are due the excessive rains and wet 
season of southern India. In the northern winter, on the 
other hand, the heat equator shifts southward, the Asiatic 
lands are chilled, the air is cold and hea\T, and the pressure 
is greater than above the ocean. Hence there is a rush 
from the land to the sea. The northeast trades now swing 
across the equator into the southern hemisphere (Fig. 181), 
and India has its dry season. These great periodical or 
seasonal winds are the Monsoons. The arrangement of 
land and sea favors their development in this region. Sim- 
ilar winds occur in the Gulf and lower Mississippi Valley, 
but they are less developed, and are not commonly called 
monsoons, this being an Oriental word. 

225. Land and sea breezes. — These are not to be con- 
fused with monsoons, though they are like them in flowing 
now from the land and now from the water. They are 
light winds which spring up by day and night. As the 
land heats and cools more quickly than the sea, it often 
becomes warmer than the adjacent water during the day 
and cooler at night, and it communicates its temperature 
to the lower part of the air. So by day the air above the 
sea is the heavier and flows toward the land, and at night 
the cool air above the land flows toward the sea. Tlie 
same changes may take place on the borders of lakes. 
These are daily changing Ijreczcs, therefore, while mon- 
soons are steady winds changing with the seasons. 




Fig. 181.— Winds of thf Indian <")ce;(n in January and Felirnary. The winds north 
of the equator are tlie Northeast Munaoon, or Dry Monsoon. 




Pig. 182.— Winds of the Indian Ocean in July and August. The winds north of the 
erjuator are the Soutliwest Monsoon, or Wet Monsoon. See page 203. 
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220. Day breezes and night calms. — The student has 
often noticed that considerable breezes may rise during a 
warm summer day, but that they usually subside toward 
evening, leaving the air calm. During the day the air 
near the ground becomes much more heated than the 
upper air, owing to its receiving much heat by radiation 
from the earth. Hence the heavier air above sinks through 
the lighter air below and crowds it away here and there, 
causing sidewise movements or breezes. These movements 
cease when the sun's warmth is withdrawn. 

227. Thunder-storms. — We have as yet studied but one 
kind of disturbance to which we give the name of storm — 
namely, the Cyclone or broad spiral wliirl, developing in 
connection with the westerly winds in middle latitudes. 
We now take up special kinds of storms, which are alike 
in that most of them are somewhat local and all are more 
or less sudden and violent. We take first the Thunder- 
storm. 

The student is familiar with the common character of 
such a storm. It usually occurs in warm latitudes or in 
the warm season of the temjDorate regions. It often fol- 
lows a period of intense heat and usually occurs in the 
afternoon. It is heralded by the approach of large cumulus 
clouds from the west. A sharp breeze sjirings up, the sky is 
overspread, and rain pours down. After a short time, usu- 
ally not above a half-hour, the rain ceases, the clouds move 
to the eastward, the sun shines, and a rainbow appears. 
The rapidly forming cumulus cloud marks a swift up-draft 
of heated air which expands becaiise it rises, cools because 
it expands, and discharges rain because it cools. The light- 
ning is due to the electricity generated in the clouds in 
their sudden formation. It is an electric spark, like other 
electric sparks except for its intensity and power. The 
thunder is caused by sharp vibrations set up in the atmos- 
phere by the passage of electricity. It comes to us later 
because sound travels more slowly than light ; it continues 
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to roll because the .soimd from remote parts of the flash re- 
quires more time to reach us. 

In the temperate latitudes the thunder-storm is usually 
associated with the cyclonic storm, and is most often re- 
ported as occurring some hundreds of miles south, south- 
east, or southwest of the cyclonic center, or area of low 
pressure. Many thunder-storms occur near the equator, 
in the belt of calms, where the warm air is chilled by rising 
(Sec. 215). These take a westerly direction. Thus trop- 
ical thunder-storms follow the trade-winds, and middle- 
latitude thunder-storms follow the eastward moving cyclones 
of the westerly winds. 

328. Tornadoes. — These are violent, whirling disturb- 
ances, arising, like thunder-storms, in connection with 
cyclones. A dark fun- 
nel-shaped cloud ex- 
tends down to the earth 
with a swift, whirling 
motion, at the same 
time rushing swiftly 
over the land. The 
wind has such force as 
to destroy houses, up- 
root trees, and hurl men 
and animals for consid- 
erabledistances through 
the air, but the path of 
destruction is narrow — 
only a few hundred 
yards wide. Such storms 
are often reported as 

cyclones, but tliis term should he reserved for the larger, 
less violent storms already described. A tornado at sea is 
called a Waterspout. 

220. Tropical hurricanes. — Tliese are also called tropical 
cyclones, because, like the cyclones already described, they 




Ftg. 183. — A waterspout ; Vineyard Sound. An- 
gn^t 10. IftOO. From a photograpti ; copy- 
riL^hted by Baldwin Coolid;:;e, 



266 AN INTRODUCTION TO PHYSICAL GEOGRAPHY 

are whirling storms. Tlie wliirls are not so extensive as 
those of higher latitudes, but they may still have a diameter 
of 300 miles or more, and the spirally blowing winds are 
much more violent, reaching velocities of GO to 70 miles 
per hour. They start in the equatorial belt of calms and 
travel westward. Those of the Atlantic often swing around 
and pass northward over the West Indies and Gulf region 
and then bear to the northeast off the eastern shores of the 
United States. These storms do not form on the land. 
Being always on the sea and of exceeding violence, they 
are most dangerous to ships, which have often been greatly 
injured or wrecked by them. The spiral movement does 
not extend to the center. There an area of calm is found 
10 to 20 miles across, which is called the eye of tlie storm. 
Within it the sky is clear. Outside, but not far from this 
central area, the clouds are dense, often causing darkness, 
and heavy rains fall. The jjrogress of such a storm occu- 
pies several days, and in some cases a number of weeks, 
traversing a very long track. Suidr storms in Oriental 
seas are known as Typhoons. Destruction is very great 
when one of them moves over an inhabited island or drives 
great sea waves upon the shores of a continent. 

230. Origin of terrestrial winds. — The trade-winds and 
the pi'evailing westerlies, or broad currents from west to 
east in middle latitudes, belong to a great system of at- 
mospheric movements, called Terrestrial, because thev per- 
tain to the earth as a whole. Thunder-storms, tornadoes, 
and cyclones are local disturbances which temporarily in- 
terrupt the uniformity of the greater movements. 

A full exjdanation of the terrestrial winds wou.ld be out 
of place in an elementary book, but the two great facts 
on which they depend may be simply stated and easily 
understood. First, the regions about the equator are 
much warmer than those nearer the poles. Hence the air 
is lighter, its pressure is less, and the colder air from the 
north and south pushes in and crowds it up. Great vol- 
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nines of warm air rise m the doldriiin belt, spread out 
al)uve, and flow toward tlie poles. Tims there is a great 
eirciilatiou of the atmosphere, toward the poles above, 
toward the equator below. lu tropical regions these lower 
currents sweeji the 
surface of the earth, 
constituting the 
trade-winds, but in 
middle latitudes they 
flow higher, leaving 
space beneath them 
for still other cur- 
rents, which follow 
the surface and tend 
poleward. The cur- 
rents are shown in 
Fig. 184, where the 
outer l)and repre- 
sents a section of the 
atmosjihere. 

The second great 
fact is the deflection or turning of air-currents l)y the 
earth's rotation. The rotation affects the direction of 
every body moving along or above the surface. In the 
northern hemisphere it makes moving bodies tend to curve 
toward the right, whatever the direction of their motion, 
and in the southern hemisphere toward the left. .So the 
trade-winds north of the equator, being turned to the right 
of their southward course, flow toward the southwest; and 
the trade winds south of the eqttator, being turned to the 
left of their northward course, flow toward the northwest. 
In middle latitudes of the northern hemisiDhere the lowest 
or surface winds are turned to the right from their north- 
ward course and flow nearly east, and the corresponding 
wimls of the southern liemisjihere, being turned to the left 
fr(;m a southward course, also flow nearly east. 




Fig. 184.— The prcvailiiiy wiDtts of the gloljc ; with 
a section of the atmosphere showing Its system 
of permanent currents. 
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The prevailing winds at the surface of the earth are 
shown in the inner part of Fig. 184. All winds are named 
after the directions from which they flow. So the trade- 
winds blowing toward the southwest are called the north- 
east trades, and the winds blowing toward the east in mid- 
dle latitudes are called westerlies (see iSectiou 'Z'Zl). 



Weather and Climate 

231. Weather. — This word refers to the state of the at- 
mosphere. The atmosphere may be warm or cold, wet or 
dry, still or moving, cloudy or clear, and we therefore speak 
of the weather as hot, or sultry, or cold, or cloudy, or stormy, 
as the case may be. If the condition is stable for days or 
weeks, we speak of settled weather, or if it is changeable, 
we characterize the weather accordingly. 

AVe not only speak of the weather and describe it fully 
in language, but we record it upon maps. Temperature is 
a weather element, and we record this by means of iso- 
therms (Sec. ,216). Barometric pressure is another weather 
element, and wo express this by isobars. In like manner 
arrows represent the direction of winds. Shaded areas tell 
where there is rain or snow, at the time for which the map 
is made. Other features may be shown, but these are the 
chief things. 

232. Weather service and prediction. — For about thirty 
years the United States Government has maintained a 
weather service. It is in charge of the Weather Bureau, a 
jiart of the Department of Agriculture. Fach morning at the 
same hour (eight o'clock in the East and five o'clock on the 
Pacific coast) 150 or more observers record the various 
weather elements at their stations and send the results by 
telegraph to AVashington. A force of clerks receive the facts 
and record them on weather maps. From these maps experi- 
enced forecasters determine as nearly as possible wluit the 
weather will be, and the forecasts are sent to all parts of 
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the country. At some stations, a local forecaster receives 
siTch reports as he needs and makes up a bulletin for his 
region. The forecasts are widely published in newspapers, 
and are told to multitudes of people by the display of 
weather signals in the form of flags. Special warnings are 
sent to seaports, in order that shipmasters, knowing the 
coming of dangerous storms, may delay in putting to sea. 
The coastwise vessels of every kind greatly profit by the 
weather service. The coming of a tropical hurricane from 
the West Indies may be made known along our southern 
coast in time for protection of shipping and coastwise 
property. The advance of chilling frosts from the west 
and north into the fruit regions of the south may likewise 
be foretold in some cases. Many stations are maintained 
along rivers, from which the data as to rainfall, melting of 
snow, and other changes are reported, and on these are 
based forecasts of damaging floods, so that projjerty on low 
grounds may be removed and life be less endangered. 

The principal predictions of the weather service are 
possible because of what is known of the direction and 
progress of the great cyclones or low areas, and of the be- 
havior of winds, of clouds, and rainfall in all parts of 
them. K^o two cyclones, indeed, are just alike, and some 
depart widely in rate or direction from the usual rate or 
course, so that mistakes may be made, but the service as a 
wh(jle has demonstrated its value to the people of tlie 
country, and is sure to come to greater completeness and 
accuracy in the future. 

Many supposed signs of the weather have no foundation 
in fact. Such are the aspects of the moon, and all sayings 
about the relations of certain days of the month or season 
to the weather that will follow. On the other hand, old 
observers of the weather know many true signs of wind, 
cloud, and sky, which give them shrewdness in prediction 
even when they are not able to explain or assign a cause. 
By long habit they recognize the usual order. But such 
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foretelling could ouly serve for one locality, and could in 
no way take the place of the wide view jirovided by the 
Weather Bureau. 

233. Climate. — The climate of a region is the sum of its 
weather. It includes the weather of the succession of sea- 
sons for a succession of years. A year's weather follows 
the general course of all years for the special region, hut 
may be quite peculiar in some respects. Thus in the 
northern United States we occasionally have an " open " 
winter, or an exceptionally hot summer, or abnormally 
heavy snows. Hence a period of j'cars is necessary for a 
full knowledge of climate. Like the weather, climate is 
described according to its most important or striking fea- 
tures. Thus climate may be dry, wet, cold, tem2:)erate or 
hot, uniform or subject to great extremes. Or we may de- 
scril)e climate by its relations to man, as healthful or the 
contrary, as bracing or enervating, as agreeable or un- 
pleasant. 

234. Climates of the United States. — We use the plural 
here, because our country covers so many degrees of lati- 
tude, ranges so far from coast to interior, and has such 
a variety of lowland and upland, that a variety of climates 
is the result. We are wholly in the North Temperate zone, 
and therefore a temjjerate climate is more common than 
any other. But along our South Atlantic and Gulf borders 
tropical conditions jirevail. There is a wide difference, 
however, between the Carolina coasts and the cool uplands 
of the southern Appalachians. An isothermal line will 
sometimes run from Massachusetts southwest in the eastern 
border of the Appalachian highhinds, into Georgia, and 
then double sharjjly back on the west of the uplands as far 
north as the Great Lakes, before turning to the west. 
TJius the wedge of mountains with cooler air is driven far 
down between the warm areas of the Atlantic on the one 
haiid and tlie lower ^Mississippi on the other. Even a 
shar2)cr contrast is seen if we compare the high Sierras of 
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California, with their snows and glaciers, with the warm 
central valley and Pacific shore of the same State. Or we 
may compare the same mountains with the driest and hot- 
test region of the United States, in southern California, 
Kevada, and Arizona. 

A most imjiortant fact of climate in the I'nited States 
is the prevalence of the great cyclonic and anticyclouic 
storms, and a strong swing between winter and summer 
conditions, especially in northern districts. Thus in the 
summer the areas of low and high pressure follow each 
other across the continent from the west to the northeast, 
giving an alternation of hot waves and cooler spells. In 
winter these alternations are still stronger, giving us violent 




Fig. 185.— a vineyard in Bouthern California, niiere rainfall is so small that crops 
must be irrigated. The field is traversed by a system of ditches into which water 
from a stream is run several times during the growing season. 



winter storms, followeil by cold waves, witli clear skies and 
zero temperatures. Only in Florida and along the (lulf and 
California coasts are the contrasts subdaed by the presence 
of the ocean. 
19 
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Almost as often as by heat and cold, we describe the 
climates of our country according to the amount of rainfall. 
Here we need do little more than refer the student to the 
section on that subject (203). Throughout the north, the 
winter ^n'ccipitation is mainly in the form of snow. This 
being a poor conductor, keeps the ground from freezing as 
deeply as it otherwise would, serving as a blanket to retain 
the heat already received. On the other hand, the sun's 
heat is lost by reflection from its surface, and the winter cold 
is thus increased. All the eastern region is well watered. 
Over the jirairies the rainfall diminishes, but is abundant 
for jilants until we reach the semiarid belt in eastern Da- 
kota, eastern Nebraska, and central Kansas. Beyond tliat 
region the arid belt begins, with less than 20 inclies. There 
the most imj^ortant jiroblems are how to store up and save 
the waters of storms and streams, and how best to use 
them in irrigating the lands. 

235. Climates of other lands. — Space will not permit of 
any complete account of the climates of the world. In 
describing the distribution of rainfall and the winds and 
storms of tlie globe, much information has been given con- 
cerning climate. It is more important that the student 
should grasp the principles which control climate, than 
that he should here find a systematic account of climates. 
A restatement of some of these principles follows. 

Difference in latitude, and tlie resulting differences in 
the amount of heat received from tlie sun, give us tlie basis 
for climate. The inclination of the earth's axis, causing 
the succession of seasons and an alternation of seasons in 
the two hemispheres, is the next great principle. Tlie dis- 
tribution of land and water introduces other great clianges 
into the climates which latitude would give. This is strik- 
ingly seen in the North Atlantic, with its currents carrying 
warm water against tlie Gulf shores, and drifting thence 
upon the shores of Europe, giving mild climates in (ireat 
Britain and (lermany, whicli liave the latitude of Laln-ador. 
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As a further principle, the atmospheric circuhation of the 
globe gives us the trade-wind climates of the tropics, with 
their occasional hurricanes, and the monsoons of the East, 
with strong periodic winds and rains. We refer again to 
the all-important fact of temperate latitudes, the prevail- 
ing westerlies, with their cyclones, anticyclones, occasional 
tornadoes, and frecjuent summer thunder-storms. We ob- 
serve again the fact of " continental " or dry interior cli- 
mates, with wet sea-borders, as shown in nearly all conti- 
nents, and seen in a conspicuous way if we compare the 
Great Plains with the Pacific Coast, the Central Plateau of 
Asia with India, or Central Australia with the most of its 
shore regions. Finally, we observe the effect of altitude 
on climate when we see the cool summits of the Adiron- 
dacks rising from the warmer lands about Lake Ontario, 
observe the Eocky Mountain snow-iiehls from Colorado 
Springs, or see the wintry Alps towering above the warm 
lowlands of Italy. 



CHAPTEE XII 

THE EARTH'S MAGNETISM 

236. The compass. — Consider for a moment how we find 
our way from place to place. Often we follow a road or 
path. To cross a field we select some object beyond, and 
walk toward it. The traveler on a prairie, or in a forest, 
may notice which way his shadow falls, and guide himself 
by that. But if clouds hide the sun, that aid fails him, and 
he takes the Compass. The compass needle points toward 
the north ; and if he knows which way north lies he can 
easily lay out a course toward the east or west, or in whatever 
direction he desires. Such a guide is peculiarly useful on 
the sea, where neither pathway nor distant object can be 




Piii. 186.— A mnRnrtic needle, with a cross-section to show the mode of hansriiitr. 
P, pivot ; ,1, cap of agate with hollow beneath to rest on the pivot ; U", adjust- 
able weight to counteract the dipping tendency (page 377), 

seen. Though sun and stars are hidden for many days, the 
mariner pushes boldly forward, steering always as the com- 
pass directs, and knowing it will not setid liim astray. 

The compass is a rod or "needle" of magnetized steel, 
balanced on a pivot so as to be free to swing to the risjht 
or left. Like other magnets, it has two poles, named nortli 
and south. In the instrument made for the mariner sev- 
eral such needles are placed side by side, and all are fast- 
374 
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Fk;. 187.— The compass card. Reritin^ the 
names of the 3^ points is called by sail- 
ors " l)nxiiii:j the compass.'' 



eiied to the under side of a circiiliir card, which may he 
either bahinced on a pivot or floated on a liquid. Ou top 
of the card is ;i printed 
rosette or star witli 3"^ rays, 
each indicating a direc- 
tion, or '' point of tlio com- 
pass" (Fig. 187). 

337. Magnetic declina- 
tion. — Wliile Columbus was 
sailing westward in search 
of the Indies, and before 
he had found the IS'ew 
AVorld, he made another 
discovery, and one equally 
unexpected. He found 
that the needle, instead 
of pointing steadfastly 
toward tlie north star, swung to one side, and the fartlier 
he went the greater its error. This was by no means a 
welcome discovery, for it weakened confidence in a faith- 
ful friend, and seemed an evil omen to his superstitious 
sailors. But it led to a better knowledge of the mag- 
netic needle, and this has been of great value to man- 
kind. The difference between the pointing of the compass 
and the direction of true north, or the Magnetic Declina- 
tion, has now been measured at many places and at many 
times, and maps have been made to show its distribution. 
These maps are of two kinds, illustrated by Figs. 188 and 
180. In Fig. 188 the lines show by their directions the 
positions taken by the needle at different places. Thus, 
where one of them crosses Massachusetts, near the meridian 
of 70° west longitude, it is evident, by comparing its direc- 
tion with the meridian, that the needle points west of north. 
Its direction is still more to the west in Labrador and 
Greenland. But along the Mississippi River it points a 
little east of north, while the declination to the east is large 
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iu California and Alaska. Tiie linos of this system are 
known as ilagnetic Meridians. If wo should start with a 
oompass in hand and travel steadily in the direction in 
wliieli it pointed we should follow a magnetic meridian, 
and sliould eventually be brought to a place inside the 
arctic circle where all these meridians meet. This place is 
the North Magnetic Pole of the earth, and is nearly 20° 
distant from the geographic jiole. There is a similar point, 
the South Magnetic Pole, within the antarctic circle. 
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Fi(i. )S!).— Isotonics, or lines of equal maKiietic declination, for the United States 

in inO'i. 

Fig. 189 shows the same facts, more in detail, for the 
United States, but shows them by a very different set of 
lines. It will be remembered that a map contour runs 
through all points having the same height above the sea, 
and that an isobar shows the liiu^ along which the air pres- 
sure is everywhere the same. In like manner the linos of 
this ma,p pass through points at which the declintition of 
the needle is the same. Thus, a line crossing Texas, Okla- 
homa., Kansas, A'^elirtiska. South Dakota, and Minnesota in- 
cludes all points at which the needle turns 10"" to the east 




Fig. 188. — Magnetic meridians for North Anierica in 1885. (Seu page 275.) 
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of north. Tho line next east of it stands for an eastward 
turning of 9°, and at an)' locality in the belt between the 
two lines the declination of the needle is between 9" and 
10°. The "line of no declination" crosses a belt of States 
from Michigan to Soirth Carolina, and east of it the needle 
turns toward the west. These lines are called " isogenics " 
(equal angles). From an isogonic map the mariner and 
surveyor learn how much allowance to make for the differ- 
ence between " magnetic north " and true north. 

The dccliiuition varies not only from place to place, but 
from time to time. Fortunately the change with time is 
slow, so that a good magnetic map is serviceable for many 
years. The magnetic meridians in Fig. 188, which were 
made for the year 1885, are not strictly accurate now. The 
isogenics in Fig. 180 represent the latest woi'k of the Coast 
Survey, the bureau charged by the Government with mag- 
netic surveys. 

238. The magnetism of the earth. — Every magnet has an 
influence on other magnets when they are brought near. 
It is very instructive to lay a strong magnet on a table and 
tlien move a compass about it. The needle changes its 
direction with every change of joosition, now pointing to- 
ward the magnet, now from it, and now lying parallel ; or, 
in other words, it is controlled by the magnet. Xow, as 
the compass shows similar changes of direction when it is 
moved from one position to another about the earth, the 
conclusion has been reached that the earth also is a mag- 
net. In comparison with its size it is not a strong magnet, 
l)ut its strength is sufficient for the guidance of those who 
must journey without beaten paths — the explorer and tlie 
navigator. 

239. Dip. — The compass needle can swing to the right 
or left. If it were hung so that it could swing uji or down 
it would usually not lie level, but slant, or "dip," in one 
direction or the other. A needle thus hung is called a dip 
needle, and is said to show the Magnetic Dip. At the 
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magnetic equator it lies level. Carried northward, it turns 
its nortli end more and more downward, until at the mag- 
netic pole it points toward the center of the earth. Carried 
southward, its south end is turned downward, and it be- 
comes vertical with its nortli end upward at the soutli 
magnetic |)ole. Fig. 190 shows the dip all about the globe. 
Close to the magnetic poles the magnetic force is all ver- 
tical, and the compass will not act. It is therefore fortu- 
nate that these poles are in regions unsuited to man. 



North Magnetic Pole ^1 




^ South Magnetic Pole 



Fig. 100. — PoHitions of the dip needle at variotis points about the globe. 

There is a kind of iron ore which is magnetic, and frag- 
ments of it, called lodestones, were the first compasses. 
Large masses of this ore are contained in the rocks about 
Lake Superior, and they are able to swing the compass and 
dip needle out of their regular positions. Those instruments 
have therefore been used in searching for this ore, and 
valuable mines have been located in this way. 



CHAPTEE XIII 

THE OCEAN 

We uow pass from tlie Lands and the Atmosphere to 
the study of the third great feature of the j^hysical workl, 
the Ocean. To mankind it is an essential feature, for land 
life could not exist without it. A "good round ball of 
meadow and plowland " would be impossible. We must 
see what tlie ocean is and what it does. 

240. Ocean-basins. — We give this name to those low 
parts of the earth's surface which are covered by ocean 
waters, and we think of the lands as making rims about 
tliem. The student must not forget that an ocean-basin is 
vastly broad as compared with its ilepth, and tliat its bot- 
tom is not a plane but a part of the surface of a sphere. 
Either the top or the bottom of the sea nury be thought of 
as a part of the surface of the round earth. The ocean 
maybe likened to a film of liquid clinging to the outside of 
a sjjoon. 

We have already seen (Sec. 5) that all the oceans may 
be truly regarded as one. In no strict sense can we speak 
of several basins. The American continents do indeed 
separate the Atlantic and Pacific, but tliei-e is no division 
between either and tlie so-called Antarctic Ocean. The 
same is true of the Indian Ocean and the Antarctic, and in 
some degree of the Arctic and Atlantic Oceans. It is bet- 
ter to think of the waters as forming a si)herical sheet over 
nearly three-fourths of our planet, and broken by a few 
large and many small bodies of land. 

The sea-floor, as it is often called, is in general quite 

279 
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smooth, as compared with the land. It has mountains, but 
tliey have still the simplicity of shape with which they were 
uplifted, and are not cut into a thousand crags and gorges, 
as on land. It has also many volcanoes, great and small, 
and these too are unworn. Between and about such moun- 
tains and hills is sjjread an ever-growing sheet of sediment 
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Fig. lin.— Western part of the Atlantic basin. This map was made by photograph- 
ing a mode], in which the scale of iieights was many times greater than the scale 
of distances. 

— partly the waste from the land, delivered at the sea-bor- 
der l)y streams, partly the myriad shells of small ocean crea- 
tures (page 300). Of such fine deposits vast plains are 
made, smoother than the prtiiries of the Mississippi Valley. 
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Much of the Atlantic Occim is 15,000 to aO,000 feet 
deep. Piuiming in a generally north and south direction 
through it is a gentle swell of the floor, over which the 
water is aJjout 12,000 feet deep. The slope from deeper to 
shallower 2>arts is so gentle that the eye coidd not detect 
any variation from a perfectly level plain. The deejoest 
point thus far sounded marks 37,300 feet and lies near 
Porto Rico. 

The average depth of the Pacific Ocean is greater than 
that of the Atlantic, heing 2f miles. At least two sound- 
ings of more than 30,000 feet have been made, one near the 
Ladrone Islands and the other not far from New Zealand. 
Thus the greatest known depth of the ocean aljout equals 
the greatest known height of land, that of Mount Everest, 
the measure in each case being nearly six miles. This total 
uneveuness of about 12 miles neai'ly equals the amount of 
flattening of the earth at either pole. In this flattening, 
and in the difference between sea-bottoms and mountains, 
we have the chief departures of the earth's crust from the 
form of a sj^here. 

241. Continental shelves. — Thus far we have considered 
only the deeper parts of the ocean-basins. But the deep 
seas do not commonly come close to the shore-line. For 
many miles offshore, soundings often show but a few score 
or a few hundred feet. This is the case along our Atlantic 
coast. Shallow water surrounds Newfoundland, and a belt 
of shallow sea 50 to 100 miles wide runs past Xova Scotia, 
New England, and down to Florida. A very smooth bottom 
slants gently down to depths of about 100 fathoms. Then 
there is a rapid descent to the deep bottom of the Atlantic. 
The relief map (Fig. 191) and the cross profile (Fig. 192) 
show these features. This slightly submerged Ijclt is called 
a Continental Shelf, because it seems a true part of the 
continental block, rising above the deeji bottoms. The sea 
laps over upon the edges of the great land masses. 

Our last statement imijlies that continental shelves are 
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common. Our Atlantic shelf can be traced around south- 
ern Florida and all about the Gulf of Mexico, except where 
it is pierced by the Yucatan channel and by the deep pas- 
sage which carries the Gulf Stream between Florida and 
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Fig. lt)2. — Prolile of the lK)ttom of the Ath\ntic Ocean and adjniniii!:; land in New 
Jersey and Pennsylvania, showini: the continental shelf. Scale of distances, 
1 inch — 140 miles. Scale of heiirhts, 1 inch = 7 miles. 



Cuba. Another coiitinental shelf is found on the European 
side. It extends to the westward of the British Islands. 
Soundings show shallow waters in the Xorth Sea, the Eng- 
lish Channel, the Irish Sea, and west of Scotland and Ire- 
laud. In other words, these islands rise from a platform 
which is but slightly overflowed by the ocean waters. 

242. Mediterranean seas. — The water of the Strait of 
Gil)raltar is but 1,200 feet deep. But the sea within has 
depths of 13,000 feet. As it lies between two continents, 
the name Mediterranean (between lauds) has been given to 
it. It does not lie in a basin cut out of the land, but in a 
basin nuide by the rising of the lands around it. The con- 
tinents have grown up about a part of the ancient, open 
sea. On a smaller scale the same is true of the Black Sea, 
and even of the Caspian, though the latter has no connec- 
tion with the ocean. The Caribbean Sea ami the (iulf of 
Mexico are also mediterraneans. 

243. Islands in the ocean. — We might call the greater 
lands islands, because they are washed on every hand by 
the seas; but we agree to call them continents. The 
origin of the continents and greater islands is too dithcult 
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a subject for elementary study, but tbo growth of many 
smaller islands can be butter understood. 

Hundreds of these small lands are due to volcanoes dis- 
charging at the bottom of the sea, gradually building their 
cones of lava and ash to the water-level, and even many 
thousands of feet above. These form the principal in- 
equalities of the ocean-ljasins. Detailed soundings over 
all the seas would show their submerged crests at all depths. 
In the Atlantic, the Azores, the Canary, and St. Helena 
are among those that have grown above the sea surface. 
In the Pacific such shoals and islands are to be numbered 
by hundreds or thousands. The Hawaiian Islands (Sec. 
183) are among the largest and loftiest. 

Around the borders of many of these volcanic is- 
lands, fields of coral flourish in the shallow waters. The 
coral is an animal of 
low order, consist- 
ing of little more 
than a sack or hol- 
low body, with a 
mouth at the top, 
surrounded by a 
fringe of simple 
arms or feelers. It 
is attached to the 
mud or rocks of 
the bottom, and 
often great num- 
bers of tliese sim- 
ple forms arc crowded together on twig-like branches, 
formed of the calcium carbonate whicli they take from the 
sea-water. In color and form they look more like flowers 
than animals. The waves often break and grind to pieces 
the skeletons of these lowly forms and make coral-mud. 
In tlie sliallow seas about the islands, therefore, are fields 
of living coral and floors of coral fragments and mud. 




1!)3.— A coral from the Fiji Islands, Tlie flovver- 
lil<e parts are the livini^ animals. 
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Such a field is a coral reef, aud when it borders an island 
it is called a fringing reef. 

Sometimes a belt of water lies between the high island 
and a low, long island which is of coral making. On the 
seaward side of this offshore island the corals are growing. 
Here we have a barrier reef, with a lagoon of protected 
water. In other cases, low coral islands and reefs form a 







Fig. 194.— a coral rt'ef at low tide ; ]iart of the Great Barritr Kccf, off the coast 
of Australia. 



rude circle or loop, with a shallow basin of quiet water 
within. Corals, as before, thrive all about the outside in 
the shallow water, while the coral sand, heaped by waves 
and winds, forms the low islands, clad Avith palms and other 
tropical pliints. Such a bracelet of low islands is an Atoll. 
The student should remember two or three important 
facts about corals. The)' are not " insects," but are far 
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below these creatures in their rank as animals. They have 
no instinct which prompts them to build islands. They do 




Fig. 105. — A volcanic island encircled by a barrier reef and iaijoon. 

not work from the bottom of the sea. Most of them can 
not live below a few hundred feet of depth. That they 
" build " anything is wholly due to the crushing and pusli- 




FiG. 190.— An atoll. 



ing of their remains hy waves and winds. And finally, 
they can only live in water having temperatures of 68" or 
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more. Ileiice they are never found far from the tropics. 
The Bermudas are the most northeity of coral islands. 
The Galapagos Islands, close to the equator in tlie Pacific 
Ocean, liave no bordering reefs, because ocean currents 
bring cold water from the soutliern seas. 

24:4. Composition of sea-water. — The waters of the ocean 
contain much material which is also found in a solid state 
in tlie rocks of the earth's crust. These solids in solution 
make about 3|- per cent, of the ocean waters. Much the 
greatest part of this is common salt. Far less in quantity 
is calcium carbonate. This is important, however, for 
many sea animals form shells of it. The gases which 
make up the atmosphere are minutely distributed through 
sea-water. The oxygen held in the sea makes life possible 
even at great depths, but deep-sea animals get very little 
of it, and their life is probably sluggish. Some forms, as 
the whales, must come ujd to the surface to breathe. 

Tlie ocean is more salty in some places than in others. 
In a nearly closed sea, like the Baltic, where much water 
comes in from the land, and does not freely spread to the 
open ocean, the water is partly fresli, and is called " In-ack- 
ish." This ha.s the effect of diminisliing the size of some 
shelled creatures whose triljes have lived in these waters a 
long time. Other enclosed seas, where evaporation is great 
and the influx of streams small, are much more salty than 
the oj)en ocean. Tliis is true of parts of tlie ilediterranean. 
And in tropical regions of the Atlantic there is more salt 
than in the arctic seas. Fresh water is lighter than salt ; 
hence the waters of a great river like the ilississipjii or 
Amazon will flow out over the salt water and freshen the 
surface parts of the sea for long distances from the shore. 

The salt-beds found in the rocks arc due to tlic evapora- 
tion of waters in shallow, land-locked liasins of the ancient 
seas. They were natural cvaporating-pans, heated by the 
sun. Common mud afterward drifted in over them, and so 
the layers of salt and rock were formed. The sea has 
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;ilw:ivs htnm salty, and it is constaiitlv rfceivins tliroutrli 
the rivers whatever the waters dissolve from the rocks of 
the lands. 

245. Temperature of the ocean. — TIk; surface waters 
are warm in tlie tropics, cooler in temjjerate latitudes, 
and cohl in tlie jjolar regions. Thus, in a general way, 
they are like tlie lands. 3\ear the equator about 80° is 
the prevailing temperature. Some closed seas, like the 
Eed and the Persian (iulf, attain almost to blood-heat. 
In the polar regions the temperatures go down to the 
freezing-point of ;2S' or ,3ij°, varying with the amount of 
salt in the water. 

Comparatively warm waters push into northern and 
southern regions by means of ocean currents, and cold 
waters invade temperate latitudes in the same numner. 
Such cold drifts come from Greenlaitd into the Atlantic, 
often Hoating chilling fleets of icebergs. 

The student should notice that we have spoken only of 
the surface temperatures ; we are now ready for the impor- 
tant statement that no such wide differences are found in 
the temperature of the dee]) waters in ditlerent latitudes. 
The sun's rays affect oidy the surface waters. Even in the 
torrid zone tlie bottom waters are always cold, having tem- 
peratures of 3.")° to 40°. There is a considerable drift of 
surface waters from low to liigh latitudes. On the con- 
trary, the water from north and south slowdy creeps toward 
the equator in the depths. This accounts for the coldness 
of the deep waters everywhere. 

24G. Light and color. — The prevailing line of the sea is 
blue. But those who have sojourned by it or sailed over it 
know how variotis are its colors. Offshore the waters are 
often tinged with the muds that have floated out from the 
land. The blue of the saltier parts is specially deep. The 
Gulf Stream is thus distinguished from the less salty Lab- 
rador current ; and the Japan current is called Kuro Siwa 
(black water). In mid-ocean myriads of creatures may 
20 
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send forth ;i i>li(jspliorL'scent glow that seems to touch the 
se^ with fire. 

SiT. Movements of the ocean waters. — Even in the deep- 
est calm tlie ocean is never perfectly still. It is more 
fixed than the changeful sea of air aljove it, and less stable 
than the lands that border it. But even the lands are 
never twice quite the same, and so, from beginning to end, 
geograj)hy deals with an unfolding world. The movements 
of the sea fall into three classes, Waves, Tides, and Currents. 
We shall study them in tliis order. 

348. Waves. — The winds ruffle the s^^rface and make a 
series of ridges and furrows. The summit line of a single 
wave is its Crest and tlie furrow is the Trough. Under a 
moderate wind the crest will be a few feet higher than the 
trough. In storms the waves may be 20 or 30 feet high. 
In powerful storms the heiglit may rise to -40 or .50 feet. 
Even great ships must be guided across the crests of such 
waves, or be overturned by the rolling motion. Wave 
motion ceases a few hundred feet below the surface, for 
the winds, like the sun, can not affect the deeper waters. 

The student will rememl)er that even a small steamer 
may raise waves astern, and that a gentle swell may after- 
ward be felt at some distance, if we cross the track of the 
steamer in a small boat. On a larger scale the wave 
motion in a region of ocean storm is passed on and may 
create a swell in otherwise quiet seas, thousands of miles 
away. 

Waves may be studied conveniently on a pond which is 
stirred by the wind. Drop a twig in the water, and observe 
its motions. It may drift slowly, l)ut does not travel so 
fast as the waves. As each wave passes, it rises and falls ; 
on the crest it moves a little forward, in the trough a little 
back. The motion of the twig is also the motion of the 
particles of water about it, and it shows their motion to the 
eye. The wave is not a body of water gliding forward, like 
a current, but a traveling shape of water. A field of grain 
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swiiyiiig ill the sTimmer wind shows how the sea may keep 
its pla.ee while tile wave moves on. 

W liik' urged hy the wind, tlie larger waves sometimes 
1>reak and whiten at the erest, even iu the open sea, and 
nearly all waves break at the shore. As a wave moves 
through shallow water 
near the shore, the crest 
goes faster than the 
base, the front becomes 
steeper, and finally the 
crest falls forward iu a 
cascade (Fig. 197). This 
tumbling erest is a 
Ijreaker. As the ad- 
vancing cascade looks 
like a turning cylinder, 
the term Hollers is 
sometimes used. If the 
bottom descends slowdy, 
a series of waves may be seen thus breaking, the water of 
tlie inshore breakers rushing up tlie slopes of the strand. 
This water pours back l)y a swift ilow along the bottom, 
under the onrushing surface waters, and is known as the 
Undertow, so dangerous to bathers in the surf. The 
changes which waves cause along the shore will be de- 
scribed in the next chapter. 

If a strong eai'thquake happens under the sea, a shock 
may be communicated to the waters, and great waves may 
be raised. The term tiilnl should not be applied to these 
waves. In some i>arts of the world, as Japan and Cihilo, such 
waves have rushed in over the coastal lands, overwhelmed 
cities, and stranded men-of-war and other vessels at some 
distance iidand. Such a wave travels swiftly across the 
seas as a broad swell, and breaks with destructive force at 
the shore. The Lisbon shock in 1755 sent forth a wave 
that deranged shipping and flooded streets of an Irish port, 



Fig. 197.— Surf, on a beach of sanil and gravel. 
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wliile the sliaking tliut accompanied the eruption of Kru- 
katoa (See. 184) in I.S83 caused half the waters of the earth 
to vibrate with wave motion. On neigliboring shores tliese 
waves rolled to heights of 00 or TO feet. 

249. Tides. — If we stand on the shore of the open sea we 
shall observe a regular rise and fall of the waters, even in 
a time of calm. If the surface be at its highest level now, 
about six hours later it will be at its lowest. In case the 
shore is rocky, the boulders and cliffs up to a certain 




Fig. ins.— Low tide on a fihelvini: coapt. The cil^'c of Ilir w ;U( r i^ now far a\^■ay and 
the boats are stranded. When !iii;h ti(h' returns ttiey will a^ain float. 

height will then l)e seen covered with barnacles and drip- 
ping seaweeds. Pools left 1)}' the receding waters will be 
full of small, shelled creatures, and a strand several rods, 
or even miles, in width may be left bare. In another six 
hours the waters will have crept slowly in again until the 
u])per line of seaweeds is reached. The average interval 
between two periods of High Tide is twelve hours and 
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twenty-five minutes. The alteraating extremes mark Low 
Tide. ' 

About the shores of ishuids the rise and fall are small, 
often not more than 2 or 3 feet. Oil the borders of conti- 
nents the change is greater. Toward the head of a long 
bay wliieh has an open mouth and narrows gradually the 
rise and fall may be 50 feet, or even more. The Bay of 
Fundy and the estuary of the Severn fulfil these conditions, 
and are noted for their great tides. On open shores the 
water falls back, or creeps up, gently. J5ut in and out of 
these landlocked arms it goes with a rush. An abrupt 
tidal wave with a steep and foaming front enters some 
rivers, as the Seine. Such a wave is called a Bore. , High 
and low tides do not always occur at the same time on 
opposite sides of a strait, and the diflierence in level causes 
a swift current, known as a Tidal Race. Hell (late, near 
Xew York, affords an illustration. In a landlocked sea 
which has a very narrow entrance from the ocean, the tides 
are unimportant. Those of the eastern shores of the Med- 
iterranean Sea are scarcely perceptible. 

The tides exist, but can not be seen, in the oi")en ocean. 
They are broad, gentle swells, which, like wind waves, pile 
up and become visible at the shore. If the earth were 
covered by a universal ocean, the tidal waves would for- 
ever roll around it unseen. But the lands bring them to 
view. 

250. What is the cause of the tides ? — What can make a 
wave come to its height every twelve hours and twenty-five 
minutes ? Twice this jjeriod, or twenty-four hours and fifty 
minutes, is the time from one setting of the moon to the 
next, and this fact long ago led peojile to connect the tides 
with the moon. But many centuries passed before the re- 
lation was wholly understood. The full explanation would 
take so much sjjace that we must content ourselves with a 
simpler statement. Suppose a man and a boy to join hands 
and whirl about. Each will move in a circle, but the boy's 
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circle "vyill be larger than tlie man's because he is not so 
heavy. Each will feel a pull in his arms, and they must 
hold fast or they will break apart. The moon and earth 
whirl about in a similar way, making one turn a month, but 
as the earth is eighty times the heavier, the center about 
which they circle is close to the center of the earth. It is 
in fact inside the circumference of the earth. Instead of 
clasping hands they are held together by Gravitation, the 
same attractive force which keeps us from being whirled off 
by the daily rotation of the earth. Tlie earth attracts the 
moon and the moon attracts the earth. Thus the earth 
feels two forces — an attraction or pulling toward the moon, 
and a jjulling away from the moon in consequence of the 
circling. The pulling away is called the Centrifugal Force. 
To make this quite clear let us look at Fig. 199. V is 
the center of the earth, and the circle about it is the 
equator, ^i is the point about which the moon and earth 

circle. The centrifu- 
gal force is the same 
/->, for all parts of the 




Moon earth, but the attrac- 
tive force is not. The 
l^rinciple is that attrac- 

PiG. 199.— Diagram to illustrate the tides. The tiQji is stl'Ono-or for 
shaded belt represents the ocean, as thou^di ^ 

a complete envelope. Small distances than 

for large, and under 
this principle the moon draws the nearer side of the earth 
more than it does the farther side. At I) and E the moon's 
attraction is just as strong as the centrifugal force, but 
nowhere else about the equator. At i^the attractive force 
is greater tlian the centrifugal, and the dilfcrcuce is a pull 
toward tlie moon. At ^' tlie centrifugal force is greater 
than the attractive, and tlie difference pulls away from the 
moon. So there is a ti^ndeucy to strctcli tlie earth out, 
making tlie diauieter F greater than /' A'. The water 
of the ocean yields to these pulls and is drawn together 
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and piled up a little aliout i^and (f. These two swellings 
of the water (greatly exaggerated in the diagram) are tidal 
waves. 

Up to this point we have paid no attention to the fact 
that the earth turns once in twenty-four hours about its 
own center, C. Tlie etfect of this turning is to carry the 
tidal waves all about 
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the earth's circumfer- 
ence each day, and as 
there are two of the 
waves, each jjart of the 
ocean feels two high 
tides and two low tides. 
Thus the tides are 
caused by a combina- 
tion of the moon's at- 
traction with tiie mo- 
tions of the earth. 

The continents and 
islands and the shapes 
of coasts and shoals in- 
terfere with the free 
movements of the wa- 
ters, but in each ocean 
the water is swayed 
twice a day, and fronr 
the oceans tidal waves 
advance against the coasts, and enter all the bays. Their 
sjjeed is checked as they enter shallow water, and their 
arrival at the lieads of long bays may even be delayed many 
hours. For the guidance of shipmasters, maps are made 
showing l)y " cotidal " lines (Fig. 200) the places which are 
reached by tlie tides at the same time. There are also 
tide-tables for all ports, to tell the mariner wlien high and 
low tide occur, and tlie amount of rise and fall. Many 
channels can ha used at liigli tide which can not be passed 



Fig. aOO,— Colhlal liiU'S in and near Di'lawiiru 
liay. ("_»u the day uf full nioun ur new moou 
hi^di tide reaches Cape May at one o'clock, 
Wilmington at half-past four, and Philadel- 
[iliia lietween six and seven. Scale of map, 
1 inch — .^.-j miles. 
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at any other time, hence the knowledge of them is of much 
l^ractical importance. 

251. Ocean currents. — When waves started by winds, 
eartliqnakes, or tidal attraction traverse the ocean, the 
water itself moves little except in shallow or confined areas. 
We are now to .study movements of the sea in which there 
is a continual transfer of water for long distances. 

We take first the Gulf Stream and the A'ortli Atlantic 
Drift (Fig. 201). The term Gull Stream is proper]}' applied 
to a stream of salt water which pours eastward from the 
Gulf of Mexico, between Florida and Cuba, and then bears 
northeastward into the Atlantic. The width of this current 
in the Florida Straits is about 50 miles, its velocity is about 
50 miles per day, and it is several hundred feet deej^. It is 
very warm and it jjasses between "walls" of colder water. 
As the stream progresses, its waters scatter, their velocity 
drops to a few miles per day, and thus as a " Drift " they 
cross the middle Atlantic and wash the shores of western 
Europe. It is hardly correct to say, therefore, that the 
Gulf Stream touches Europe or gives it a mild climate. It 
is true, however, that the neighboring waters are warmed 
by the drift from the tropics, and the mild winds carry 
heat and moisture from the sea over the lands of western 
Europe. 

But the currents of the North Atlantic have now been 
described only in part. Flowing westward along the equa- 
tor is a strong current, some of which passes South 
America, enters the Caribbean Sea, and then the Gulf of 
Mexico, to pass out as the (iulf Stream. Other strands of 
the equatorial current turn north outside of the West 
Indies and join the Gulf Stream waters to form the drift 
above described. At the far northca-st some of the waters 
push on into the arctic seas, and others return scnithward 
along the shores of southwestern Europe and western 
Africa, and pass again into the equatorial current moving 
west. There is thus a c(Hnpletc eddy in the ^'orth Allan- 




Fig. 201.— ''iirrcntp of the Atlantic Ocean. The arrows show direction. The bwuy 
line:^ an: the courses of two derelicts, drifted by currents and winds. 
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tic, tlic waters moving as tlie hands of a watcli. In tlie 
center is a quiet region, where vast fiehls of seaweed float, 
known as the Sargasso Sea. 

Beyond Florida the Gulf Stream soon bears away from 
the sliores of the United States, which are washed by colder 
waters from the north. These come down from the 
neiglil)orhood of Greenland and meet the Gulf Stream in 
what is known as the " cold wall." Along this belt are the 
Banks of Xewfoundland, and here the contact of cooler 
with warm, moist air causes daugerous fogs. 

There is a similar eddy in the South Atlantic. A 
division of the equatorial current turns southwestward 
down the coast of South America, and returns eastward 
to Africa, and northward, completing the circuit. At the 
south the easterly flowing current mingles with a great drift 
passing easterl}' around the world in the southern seas. 
This South Atlantic eddy whirls in a direction opposite 
to that of the hands of a watch. 

It may now be asked : How are these currents knowu 
to exist 'i The answer is, by the course taken by drifting 
objects. Certain floating but abandoned ships, known as 
derelicts, are now and then sighted by vessels, and by com- 
paring successive joositions, their course can be plotted 
(see Fig. 20L). Whenever a derelict is seen, its latitude 
and longitude are reported as soou as possible to the 
United States Hydrographic Office, for the better mapping 
and safer navigation of the sea. Thousands of sealed bot- 
tles are, from time to time, cast into the sea. Thev con- 
tain, often upon blanks furnished l)y tlie Hydrographic 
Office, record of the latitude and longitude at which they 
were committed to the waters, with a request that the finder 
transmit to Washington the point of their coming a.shore. 
Less than in former days is tlie sea a trackless waste. 

In the Pacific the swing is more vast, but the general 
arrangement of eddies is similar to that of the Atlantic, 
and the Jajian Current resembles the Gulf Stream. The 
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northern eddies of both oceans are more perfect, because 
formed in more fully enclosed waters. 

The currents are formed by the winds. This is seen on 
a small scale by watching the floating twig in the pond, 
and is understood for the oceans by studying the winds 
and currents together. The student should comjjare the 
winds of the Atlantic (Fig. 180) with the currents of tlie 
Atlantic (Fig. 301). The great current-makers are the 
steady trade-winds, driving the waters westward in the 
tropics ; the prevailing westerlies of middle latitudes drift 
them eastward, and thus the great eddies are maintained. 

252. Ice in the sea. — Icebergs, singly or in fleets, leave 
the shores of Greenland in the S2)ring and descend far 
enough into the Atlan- 
tic to endanger ships 
in the great path be- 
tween x\.nierica and 
Europe. The icebergs 
are the frontal parts 
of Greenland glaciers 
which have pushed into 
the sea far enough to 
float. All northern seas 
are more or less crowded 
with pack or floe ice, 
formed Ijy the freezing 
of the surface waters, 
and moved about by 
winds and currents. Po- 
lar exploration aliounds 
in experiences with 
such ire. Ships are 
caught and crushed in 
it. Long sledge -joui- 

neys are made over it. Through it Xansen drove the 
Fram, and over it he made his final dash toward the pole. 




y03.— Floe ice, near the west coast of Green- 
and. Great cakes, crushing together, are 
nude hmninocli}^ at tlicir edges. 
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On floe ice about twenty persons of the Polaris party 
drifted soutli for 2,000 miles in the winter of 1872-"73, and 
were picked np, after a jonrney of six months, off southern 
Labrador. Large, flat-tof)ped icebergs break from the ant- 
arctic ice-fields and invade the South Atlantic and South 
Pacific Oceans. 

253. Exploration of the ocean. — This has been done in 
many ways. In ancient times daring mariners in small 





Fig. 203.— To carry the sounding wire Fig. 204.— A deep-sea dredge. Tlie iron 

to great depths a heavy weight is lip of the .?acli scrapes shells, mud, 

needed. It can not be drawn up etc., into it, and small animals are 

again, and is therefore so arranged caught by the "tangles.'' 
as to disconnect itself at the bottom. 

ships learned to track the wastes of the Mediterranean. 
Then they sailed by the Pillars of Hercules and Ijcgan to 
creep np and down the Atlantic shores. Hardy vikings 
of the north found Iceland, settled in Greenland, and, as 
many believe, followed our shores as far as Xew England. 
Then came Columbus, Magellan, Drake, Hawkins, and 
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Cook, crossing the grciit oceans and beginning to sail 
aronnd the world. In onr modern days coniiiierce has 
threaded all waters, daring explorers liave pushed far into 
the frozen nortli, and ships have gone forth, eqnipj)ed with 
apparatus and directed by men of science, to seelv the mys- 
teries of the ocean. The forms of the shores, the currents, 
the temperature, composition, and depth of tlie water, the 
life of the upper and deep waters — all these are subjects 
of study. Sounding-lines, dredges for bringing muds from 
the Ijottom, and self-registering thermometers for testing 
temperatures at the bottom, are parts of the aj^j^aratus used. 
The United States Coast Survey has furnished us with 
much of our knowledge of the Atlantic Ocean. 

254. Life of the ocean. — The highest forms of life are 
on the land. There they find abundant sujjplies of air, and 
are able to live an active life. Even the beasts have more 
elaborate bodies and far more intelligence than the highest 
creatures that live in the sea. But all land creatures are 
close to the surface, while the ocean is rich in living crea- 
tures not only near the shore and at the surface in mid- 
o(-ean, but at the greatest depths. A'^ast numbers of sea 
animals have delicate, jelly-like bodies, made almost entirely 
of water, and able to exist only in water. Others, equally 
confined to a. watery home, have hard skeletons, either in- 
ternal, like the fishes, or on the outside, like the crab, the 
lobster, and the innumeraljle creatures whicli form shells 
as a cover for their bodies. More will be said of sea ani- 
mals in the chapter on life. 

2.5.5. Deposits in the ocean. — We have seen that rivers 
may enter the sea and build out the land, as their deltas 
grow. But not all the waste of the continents is dropped 
at the water's edge. The finer mud floats for a long time, 
and finally settles to the bottom far from the river mouth. 
Thus the continental shelves, and even deeper waters out- 
side, receive a cover of muds derived from the land. The 
shallow waters teem with fishes and shell creatures, and at 
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death their remains mingle with the muds. Far out, how- 
ever, the fine muds from the land do not go. ]5ut multi- 
tudes of mi]iute shells 
~^^' ' are formed by creatures 
in the surface waters. 
These shells, chiefly 
made of calcium carbon- 
ate, sink, udien the ani- 
mals die, to the deep 
sea-bottoms. They make 
a fine chalky ooze (Fig. 
205), which has been 
brought up by the dredge 
and studied. In the very 
deepest seas a fine red 
clay is found. This 
comes, in part at least, 
from volcanic dust, which 
falls on all seas. The 
fine deposits of mid- 
ocean accumulate very 
slowly, while the muds 
of offshore waters gather 
rapidly. 
256. Navigation. — The ocean is the highway of nations. 
In jorimitive times the winds furnished power and the sun 
and stars guided the course. Xow the mariner has a charted 
sea; with his compass on the deck and engines in the hold, 
he crosses the waters whither he will, and his speed is 
scarcely checked even by waves and winds. Storms bring 
little danger to the great steamship, and collision and fire 
are so well avoided that travel is nearly as safe on the ocean 
as on the land. Even the waves are roblx'd of their fierce- 
ness by allowing a little oil to drip from the prow, and a 
ship with its hundreds or thousands of tem])oi'ary inhal)- 
itants, and with all provision for Inuuan comfort, seems 




Fig. 20j. — A deep - sea deposit conipostd 
shells. Magnified 20 times. 
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less :i veliicle than a lloating town. Tlie Pacific is coming 
to bo a Inisy highway like the Athmtic, and the building 
of a ship canal iu Central America will make possible in 
the tropical regions continuous voyaging around the world. 
Almost efjually with the land, is the sea a field of discovery, 
of tra\'cl, of commerce, and, unhappily, also of war. 

,25?. Submarine cables. — During the last half of the nine- 
teenth century many lines of telegraphic communication 
have been stretched between Europe and America, and im- 
portant foreign news jiassing between civilized lands is 
rarely one day old. The coming years will sec an equal 
development of marine telegraphy in the regions of the 
Pacific, and messages without wires may yet place all ships 
iu constant communication with the land. 

358. Fishing. — The seas are an important source of sup- 
ply for man. The shallow waters near the shore teem with 
fish and other marine animals fit for food. Hence fishing 
commuiuties abound on the shore, like (Uoucester in Mas- 
sachusetts and the Marblehead of former days. Prom the 
beginnings of voyaging to America, fishing has been carried 
on over the Banks of IS'ewfoundlancl, and the French, the 
English, and the American have regarded these ocean fields 
as of national importance. 



CHAPTEK XIY 

THE MEETING OF THE LAND AND SEA 

The line along which the ocean waters wash the edge 
of the land is often called the Shore, or Shore-Line ; or 
we may use the term Coast, or Coast-Line. The latter sug- 
gests more particularly the margin of the land, the former 
the border of the sea. We have deferred our study of this 
narrow belt, that the chapters on the ocean and the land 
might prepare us to understand it. AVe have already learned 
some facts about sea-borders, as in connection with deltas 
(Sec. 42), coastal plains (Sec. 1.50), and tidal bays (Sees. 
249 and 250). AVe shall now look at the shore-lines of the 
United States, to see what general principles we can gather 
from them. 

259. Shore-line of Maine. — This will be understood by 
reference to the map (Fig. 200). JIany rocky ridges run 
in a southerly direction from the mainland into the sea. 
Between them deep bays penetrate the land. The head- 
lands are exjiosed to the full force of the waves, hence no 
sands or gravels can lodge, or beaches form aliout them. 
At the head of the iidets, however, the sands and clays, 
whether brought down by streams or swept in l>y waves, 
may lodge and form floors of worn waste, to which the 
name Beach is given. The south parts of these ridges 
are often surrounded l)v water, forming hundreds of islands 
fringing the shore. The shore-line is vastlv lengthened by 
its irregularity. Calais is about 200 miles from Portland' 
but the shore-lines between the two places are said to tie 
more than 2,000 miles long. The Penobscot and Kennebec 
303 
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enter the se;i througli deep tidal ehaiiuels. These furrows, 
cut iu the edge ot the h^ud and entered by the sea, are 
known as Fiords, and have their best examples along the 
shores ot Norway and Scotland. They were Ix'gun by 
rivers and liiiislied 
by glaciers during 
the (ilaeial period. 

2(i0. Shore -line 
of Massachusetts. — 
Xorth of Cape Ann 
are the smooth, sandy 
beaidies known as 
Salisbury Beach and 
Plum Island, with 
swamps and slug- 
gish tidal streams 
behind them on the 
west. Cape Ann is 
a rough, rocky head- 
land, enclosing on 
the south the quiet 
waters of tUouees- 
ter Harbor. The 
waves beat upon the 
granite shore, the 
co'ist-line is jagged, 
and few sands can 
rest aliout its ex- 
posed border. To- 
ward Boston the wash of shore currents has built a bar 
from the mainland to the rocks of Xahant, hence Xahant 
is an old island tied to the shore liy a recently made beach. 
The same is true f)f Marblehead Xeck ; a rugged island 
is bound to the mainland by a narrow belt of sand cast up 
by the waves. Tlie hills in Boston Harbor are drumlins 
(Sec. 136) and show many shore cliffs, due to their outer 
21 
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Fui. snil.-Onrline nf j.art nf the coast of Mnine. 
Scali', 1 iiir!i = 5.1 milep. The sea kips against a 
surface shaped by glaciers, converting ridges to 
]ironiontories and islands, and making bays and 
strails in Ihc hollinvs. 
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slopes Ijciug cut away by wave action. At iN'uiitaskct is 
a long, smooth beach of tine sand, a little concave toward 
the sea, protecting Hingham Bay to the westwai'd. These 
are local cases, but instructive, and should Ije studied 
upon the atlas sheets of eastern Massachusetts. A'ahant is 
shown in Fig. 207. Cape Cod has a very smootli eastern 
shore, facing the ocean. Low, sandy lands formerly ex- 
tended farther east, but have been carved away by the 
unceasing attacks of the waves. Some of the material has 
been swept northward by currents, carried around the jooiut, 
and built into the hook which encloses I'rovincetown Har- 
bor. A\'e should note the difference between the jagged 
shore maintained l)y the hard rocks of ifaine and the 
smooth shore carved from the soft beds of Cape Coil. Me 
sliould compare also the rough, irregular shore-line aliout 
the protected waters of Buzzards Bay. Kantui kct and 
Marthas X'iueyard consist wholly of soft, easily destroved 
beds, and are much exposed to attacks of the sea. Hence 
the shores have smoothly curved forms. liSars have often 
been carried across the openings of liays, turning them into 
lakes. 'I'he shores of Rhode Island and Connecticut are 
like those of Maine. Tlio rocks are ancient and hard, and 
the rivers enter great hays like the Xarragaust'tt, or pour 
through narrower, hut deep, tidal channels, as the Thames 
from Xoi'ffich to the Sound. 

261. New York and New Jersey. — The most important 
feature of the Xew York shore-line is the trough of the 
Hudson Eiver, cut many feet below sea-level, and admitting 
the tides far within the land. Salt water reaches Pough- 
keepsie, iind the rise of the tides is felt at .\l1)any and 
Troy, 150 miles inland. Other submerged channels are 
occupied by East Eiver, Earitan Bay, the I'pper ]>ay, and 
the Narrows, affording tlu! best harljor facilities in America. 
Outside of the Lower Bay are long stretches of tlat, sandy 
beach, nuide by waves, and by currents nmving along the 
shore. 'J'liese are common on tlie south shore of Lontr 
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Fig. 207.— Part of tht> coast of Massachufetts. Scale, 1 incli = 1 mile. Contour in- 
terval, 20 feet. Nahant and Little Nahant, originally iBiands, have been Joined 
together and to the mainland by spits. 
















Yui. '■^OH. — New York sind vicinity, showing tliu luirbor and its approuclies. Scale, 
1 inch = miles. (See pages 3U-1 and 815.) 
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Island. Eockaway and 
Coney Island Beaches 
run out to points on the 
west (Fig. 210), and were 
made by shore currents 
driven by winds from the 
east. Behind them are 
Gravesend and Jamaica 
Bays and a network of 
swamps and channels. 

If we turn to the Xew 
Jersey shore we find 
Sandy Hook stretching 
up into the Lower Bay 
(Fig. 209), built by cur- 
rents moving north along 
the Jersey shore. Far- 
ther soutli are low bluffs, 
due to cutting back by 
the waves. Tliis is the 
quarry to supply the sea 
with sand for the build- 
ing of Sandy Hook. 
From Asbury Park to 
Cape ^lay is a nearly 
unbroken lieach, long, 
narrow, low, and sandy, 
witli a belt of quiet water 
separating it from the 
mainland. The waves 
there break in shallow 
water, drop the load of 
waste they have pushed 
in from the sea-bottom 
just oirtside, and form 
thus an offshore beach. 
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Here, as along other parts of the Atkmtic coast, a canoe 
could sail in quiet waters for long distances. 

262. The South Atlantic and Gulf coasts. — Here we have 
long lines of straight or gently curved shore, with shallow 
sea-bottoms and low, flat lands. Great bays or smaller in- 
lets often break this smooth line. Such are the Delaware 
and Chesapeake Bays, Albemarle and Pamlico Sounds, Pen- 
sacola and 31obile Bays. All the larger rivers of Virginia 
and Maryland discharge into the Chesapeake Bay, and 
from the Ijay the tide flows far up the streams. Hence we 
have the expressive name " Tide-water Virginia," because 
all the low plains of the State are threaded Ijy tidal rivers. 
As we go southward, long offshore beaches and fringes of 
islands border the Carolinas and mucli of Florida. Texas 
shows a wonderful extent of these low, long, and sandy off- 
shore beaches. Nearly the entire Texas coast for 300 miles 
has such a, shore-line, running in a smooth, gentle curve, 
with lagoons and bays behind. Galveston is on such a 
beach, with Galveston Bay behind it, and was thus exposed 
to fearful destruction by storm waves when, in 1!)01, a 
AVest India hurricane abuiuloned the ordinary course and 
turned westward across the Gulf. 

263. The Pacific coast-line. — This is less winding, along 
the western liorder of the United States, than much of our 
eastern shoredine. Instead of low, coastal plains, we find 
cliffs and mountainous elevations rising from the water. 
Barrier beaches are few, because the water deepens rapidly 
and waves lu'cak at the very edge of the water, instead of 
offshore. There are three princi]ial breaks, by which ocean 
waters flow witliin the land. Tlie Golden (iate is a narrow 
channel leading into a system of bays lying behind low 
mountains, the Columbia River is open to the tides for 
some distance, and Puget Sound offers an extensive system 
of jorotected sea-waters. The last named are fiords and are 
the beginning of a great system extending northward along 
the shores of British Columbia and Alaska. The waters 
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are deep, and the eoast is fringed, not by barrier beaelies, but 
by a continuous chain of mountainous ishmds, Ijehind which 
protected channels of coastwise navigation may be found. 
On the west as on the east, the Xorth American shore-line 




is broken awl rough at the nonh, fur the irregular shore- 
lines of New England pass into yet nu)re brolscn lines about 
the C'a.niidia.n provinces and the (fulf of St. Lawi'cnce. 

3(i4. Summary of principles. — Having learned the chief 
facts about the coast-liue of (uir continent, we shall now 



THE MEETING OF THE LAND AND SEA ;i09 

chissify and mure fully explain them, and comiiare with 
them some uf the features of other pai'ts of the world. The 
beliavior of the water where it washes the land, is much 
the same everywhere, giving us the sunu' kinds of coast 
forms. Even on the borders of pools and small hikes the 
student niay find in miniature what the ocean displays on 
a scale of magnificence. 

■.'05. Wave work. — We have already learned that winds 
raise waves, that waves move over the sea, that they break 
ag-ainst the edge of the land, and send the water rushing 
upon it. These waves attack the rocks of an uneven land 
l)order. They pick up pebbles and stones and hurl them 
against the ledges i">f the shore. Orinding away tlu^ lower 
ledges, tliey undermine the ledges higher up), and thus form 
cliffs. In front of the cliffs nearly flat platforms ai'e made, 
a.nd strewn with the coarser waste. The finer mud, easily 
washed away, is fioated out, to settle at a greater or less 
distance from the land. Waves do the nn.ist of their work 
at th.e level of the sea.. Storm-waves may dash a hundred 
feet or more aliove it, and may grind strongly over shallow 
bottoms, but they have no effect on the deeper bottoms. 
The waves not as a saw, cutting horizontally against the 
edge of the lands. 

;2(;0. Beach platforms. — Let us look more closely at the 
stretch of sand, ])ebbles, or boulders that so often borders 
the sea. The wave-saw has cut a notch into the sloping 
land, ami the continual moving in and out of waves ami 
tides strews the fioor with the waste of the laud. This 
platform slopes gently toward ajid under the water. It 
may Ije covered entirely at high tide, but a striji, jierhaps 
many rods wide, is bare at low tide. Sometimes the Ijeacli 
platform is a Hoor of solid rock. This means that waves, 
or currents moving along the shore, sweep all the waste 
(jlf to some other point. 

2(i7. Sea-cliffs. — Overlooking the beach, if the sea, beats 
upon the edge of high land, is a cliff. It may lie vertical 
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and rise for hundreds of feet, ;is at some points on the 
shores of Scotland and California. It ma}' even overhang 
in places, if the rock is strong enough to hold, and sea cav- 
erns may have been formed underneath hy the dash of the 
surf. Pingal's Cave is cut 200 feet into the south side of 
the island of Staifa, off the Scottish coast. The floor of the 
cave is Ijclow the sea surface, and the roof is 50 or more 
feet above it. The waves rush in and are still rjuarrying out 




Fig. 311. — Cliffa and irrfi,n'l:ir platform wrnn^ht from hard ror-k I13' sca-wavcs ; 
Nova Scotia. 

the great columns of ancient lava that com]iose the island. 
Where the borderdand is not solid rock, but clay or sand, 
the cliff slopes down to the beach more gently, as seen in 
Pig. 77. At Sankaty Head, Nantucket, is such a sloping 
cliff cut in land about 100 feet high. Sucdi are tlii' (iay 
Head cliffs of Marthas Vineyard, and many clilTs in the 
soft beds of Norfolk ;ind other parts of the east English 
shore, where farms and village sites htive in times jiast 
been cut away and ahsorbed by the Xorth Scti. 

208. Lagoons and barrier beaches.— AVe liave seen tliat 
these are common on our Atlantic and Gulf coasts. Tliev 
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belling to sli(ire-liiiL's uloua; whirh tlie "water is shallow for 
some distance from shore, l^his means that incoming 



storm-waves Ijreak at some distance from the land, 
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I'he rush of the surf stirs the 
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Fig, 2V2. — BaniL-r 
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spend their force there 
waste on the bot- 
tom, carries it for- 
ward a little way, 
and then drops it. 
By this process a 
low ridge is raist'd 
from the bottom, 
is linilt at length 
above the water, 
and may Ije l)road- 
ened by the a.ddi- 
tion of \\-aste against 
its outer slope. The 
quiet water on the 
land siile is known 
as a Lagoon. It re- 

(■ci\-es fresh water from the land, and tends to become 
brackisli. Muds from the land gather in lagoons, and 
phmts grow in them, and they are gradually filled. 

•^O'.i. Traveling beaches and spits. — Often the same wind 
which makes large waves will cause a current to flow along 
the shore. The waste lifted by each wave is then carried 
forward a little l)y the current before it drops again to the 
Ijottom. In this way the waste slowly travels in the direc- 
tion of the current. If the shore is straight the waste 
follows it, liut if the shore-line bends l)ack the waste keeps 
straight on, and is built into a low cape or spit (Fig. 214). 
Sandv Hook is a spit curved at the end. Sometimes a spit 
o-rows all the wav across a bay so as to close it, and some- 
times it joins an island to the mainland (Fig. 207). A 
bari-icr usnallv Ijei-omcs a traveling beach also, and its sand 
is shifted to and fro as the shore current changes. 




Fui. 213.— A travclinLr l)carh on tlu' shorr- f)f Lake Ontario. Tlie sroin-s, originally 
auLriilar, Tjccome rounded as tlie waves roll tliem along. 




k 1 \ w nt';?, on tlio shore of Lake Michigan. 
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270. Irregular shore-lines tend to become smooth.— Let ns 

take the ilaiue shore as an ilhistration. Wherever a stream 
enters the head of a bay it nialies a delta and shallows the 
water, or even imshes the sliore-line forward. At the same 
time the waves cut away the exposed headlands, and while 
some of the waste from this cutting goes out to sea, some 
of the sands and gravels 

are of ten swept into the ' '\ • 

hay, and form within it 
a curved, smooth beach. 
This curve may straight- 
en out as it receives 
more material, and so 
by this ilouble or triple 
process the entire shore- 
line will grow in time 
to be smooth and uni- 
form. Where the head- 
lands are of s<:>ft mate- 
rials, as on the south 
shore of Marthas Vine- 
yard, the work goes on rapidly, the spits soon become 
barriers, and the bays are shut otf from the sea and become 
lakes. 

;271. Coast-lines of rising lands. — Consider a land stand- 
ing at a given height in relation to tlie liordering sea.. The 
waste of the land is sju'ead smoothly in the shallow waters. 
If the land rises, these plains of waste l;)ecome fiat grounds 
on the edge of a continent. We have followed such changes 
ill our study of marine plains (Sec. 150). Such a coast-line 
is smooth, and the waters deepen very gradually from their 
edge. Hence offshore Ijeaches will form. These are the 
conditions of southern Xew Jersey and our south Atlantic 
coast. 

If coasts are steep and the seas deejien ra])idly, no 
marine plain is uncovered Ijy the rising of the land, but a 
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beach platform and clitf is carried above the sea surface 
aud left as an ancient sea-margin on the slopes that rise 
from the water (Fig. 8). Such old beaches, or marine ter- 
races, are found on the coast of Maine and along the ocean 
borders of Alaska, Cuba, Xonva)-, and Scotland. 

273. Coast-line of sinking lands. — This subject is not 
altogether new to ns (see pages G4-C5). The edge of any 
land is creased by streams, aud thus divided into a series of 
higher grounds, separated by valleys. On the down-sinking 
of the land the sea flows into these valleys and "drowns" 
the lower part of the rivers. The coast-line thus produced 
is very crooked, and there are often many islands. The 
waves and currents busy themselves with the work of 
straightening, and the water-front soon shows a rapid suc- 
cession of cliffs, traveling beaches, and spits. 

273. Coa,st swamps. — When a lagoon forms behind a bar- 
rier beach, and its quiet waters become so shallow that 
plants grow, we have a coast swamp. Or if the land is 
sinking, and low. Hat areas are flooded, swamps develop. 
In either case the tide flows in and out, aud with its in- 
coming brings mud, which settles among the stems of the 
plants and raises the surface. This is the origin of the 
salt meadows whose grasses are harvested on many shores. 
Among the meadows channels form, hj which the tidal 
waters fii'st roll in and last drain out. By building dikes, 
hundreds of thousands of acres yet below higli tide are 
reclaimed for agriculture and for homes. This saving of 
rich coastal swamps has gone on most extensively in Hol- 
land and in the low Yen coi^ntry of eastern England. The 
saving of these lands has been the work of centuries, and 
further extensive operations are now in hand for reclaim- 
ing the Zuyder Zee in Holland. The abundance of land in 
America, has thus fa-r ma.de it unnecessary to reclaim much 
of the swamp area of our coasts. 

274. Lake shores. — In Section ^M an account was given 
of a large lake of which Great Salt T^ake is the remnant. 
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DtH'ply cut slioi'C-liiR'S are iomid at various levels on the 
surruuntliug slopes, up (o 1,000 feet aljove the present lake. 
These shores are like abandoned heaciies ol the ocean, 
except that they have been left high and dry by the 
gradual drying away of the lake, instead of l)y the rising of 
the land. In lakes the tides are uniinportaut. Wind waves 
do tlieir work on ocean and lake lMii-<ler alike, excejjt that 
most lakes are so small tliat the waves have little space 
in which to develop, and are therefore small and weak. 
Still, upon lakes less than a half-mile wide, well-developed 
beaches are often found, and a. succession of little hoii- 
zontal platforms or beaches may often be found running 
al)out a 250nd or reservoir whose waters have been from 
time to time drawn do^Mi. At each stand of the surface, a 
new shore-line is made. Even wdiere a. jiool has dried away 
by the r(iadside, Ijeaches, deltas, bars, and spits may often 
be seen (Fig. 40). 

275. Harbors and cities. — The waters of the lower Hud- 
son are protected from the ocean waves liy surrounding 
lands (Fig. 208). They are not so broad that the winds can 
stir up great waves upon them. They are deep enough for 
sea-going vessels, and are connected by a dee}) channel with 
the ocean. Hence they form a harbor. Boston Harl.ior is 
in a recess of the shore-line and protected by many islands. 
Philadelphia lies on the great estuary of the Delaware 
Eiver, and Baltimore at the head of the land-locked Chesa- 
peake Bay. Sinking or sunken coasts Inive many harbors, 
and rising coasts have few. The jioint where ships can 
come safely to the land is the natural home of commerce. 
Tliere men gather, there manufactured products are made 
and can at will Ijc sent seaward or landward. The relation 
of a harbor to the land is also important. The supremacy 
of Xew "\'ork is due in part to the easy passage from its 
harbor to the heart of the contim'ut. The navigalde Hud- 
son and the low pass by the Moliawk A'alley through the 
Appalachian uplands have combined wdth its good harbor 
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Kiii, ■.'111. - Tlie rir.ldeii riatr. Sialr, 1 inrli = 40 mi 
ExcL'iit at this point tlir (licat \alli-y of Calirnrniu 
is separated from the sea t>y a mnuiitaiti lianier 
{sec Fii^. 129). Here an (mtlet for cniiimerco is 
Combined with a good hartior. 

Japan, C'liina, the Philippines, and 
Britain's commercial 
greatness has grown in 
lYdvt from her drowned 
rivers and resulting har- 
hors. Slie ha,s no river 
that would be impor- 
tant if not tidal. Lon- 
don, Bristol, Liverpool, 
Southampton, and ( ilas- 
gow are great cities be- 
cause of the sinking of 
tlie land. But not till 
harbors ;ire in fioi'ds and 
drowned valleys. In 
the lower or delta eluin- 
nels of .u'reat rivers, ;is 
at Xew (Jrletins, or Ite- 
hind btirriers, or hooked 
sjtits, ;i.s at Province- Fm.sir. ounine 
town, Mass., shippinsr tmn otiis^reai 
m;iy find a haven. isie of wigiit 



to make it tlie lead- 
ing port of the At- 
lautii.' seaboard. 

Splendid har- 
bors, too, ;d.)out tlie 
(iolden Gate (Fig. 
v'UJ) and Puget 
Sound (Fig. .-'lO) 
have fi-\eil tlie cen- 
ters of life on the 
Pacific cotist, I'C- 
cause thence lead 
tlie steamship high- 
ways to ll;nv;iii, 
the Lidies. (.ireat 




'f iMiL'land. slinuiii^. ilie rela- 
■onnnerei.al eitie.s |o dniwinal 
Irowmal v.allrv iioiili ,,r Hie 
Seale. 1 inch ='SiO miles. 
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'?76. The United States Coast Survey.— Tliroiigli this or- 
ganization our (iovernment jirovides minute knowledge of 
our entire shore-line. Soundings off all shores, in full de- 
tail in all harbors and harbor entrances, and with fre(|uent 
revision, to kee}) pace with the shifting Ijottoms of the bor- 
der seas — such is the work of this bureau, that charts may 
be issued for the use of mariners and coast dwellers. A 
similar survey uuder a separate bureau is carried on for 
the Great Lakes, for the benefit of the vast shipping inter- 
ests of these inland waters. 

277. Lighthouses and life-saving stations. — The light- 
house tells the sailor both where to go and where not to go. 




Fig. 218.— a life-saving station on tlir roast of M; 



On the ]S"avesink Pliglilands of eastern Is'ew Jersey it di- 
rects the mariner toward the harbor of New York. In the 
English Channel beacon lights warn the stiihjr ofF tlie Eddy- 
stone rocks. 8uch liglits are guides to till vessels, even 
those that cross the wide seas. Especially needful arc all 
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possible marks, such as buoys and lights, for the smaller 
vessels engaged in coastwise trade, or in fishing. Sucli 
craft are always near the point of danger and in risk of 
running upon shoals in the darkness or in storms. 

Life-saving stations are established along frequented 
shores, with every appliance for aiding distressed mariners, 
and maintaining in times of special danger a watchful 
patrol of the shore. 



CHAPTEK XV 

LIFE 

We have looked upon the Earth as a whole. We have 
studied its lands, its atmosphere, and its mantle of waters. 
We eome now to the living things which throng our planet. 
They are animals and plants. The botanist studies the 
plants, tolls us their structure, their habits, how they are 
related to one another, and how they divide into small and 
great grou]is. Zoology is devoted to the animal kingdom 
and gives to those who seek it the same full knowledge of 
these forms. But geograiihy seeks only to know the greater 
truths about living things. Plants make a carpet over the 
lands — a carpet varying according to climate and soil. Ani- 
mals t(io are found in groups over tlie world, devouring 
plants and other animals for food. Living things covering 
the land and swarming in the seas, and seen in their group- 
ing and general relations, belong to geography. 

Plants ok North Am^RicA 

278. Forests.— The eastern United States abounds in 
forests, while the West is forested only in the high moun- 
tains and along part of the Pacific coast. Trees grow in 
the regions best supplied with water. The western l)ound- 
ary of the eastern forest area is a line running irregularly 
north and south from the eastern Dakotas through central 
Texa.s. But this region includes the prairies of Iowa, Illinois, 
and other States, where forests are almost confined to the 
water-courses. The groat forests are in the Great Lakes 
region, the Appalachian Mountains, and on the f Julf Plains. 
22 319 
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Cliestiiut, oak, maiole, beech, walnut, and cherry are among 
the hardwoods of the East. The broad-leaved trees chiefly 
compose these Apjjalachian forests (Fig. 219), often number- 
ing 50 kinds or more, while the narrow-leaved or coniferous 

trees show a half-dozen 
sorts. White pine, hem- 
lock, and spruce are 
common in Xew Eng- 
land, in Michigan, and 
farther west along the 
lakes. Along the South 
Atlantic and tiulf 
jjlains the hard pines 
flourish, with magno- 
lias, tulip, gums, and 
cyiiress. 

The Great Plains 
are too dry for trees 
except here and there 
along the rivers. Even 
the lower valleys among 
the Eocky ^lountains 
(Sec. 103) are without 
trees. The high moun- 
tain valleys and slopes 
are forested up to the 
so-called timber-line, 
the trees l)elting the 
slopes in successive 
zones contri)llcil bytem- 
])('rature and mcisture. 
Xext tlie bnshv low- 
lands lire low junipers and nut-pines: then, in order, yel- 
low pines, Douglas firs arid silver firs, with occasional proves 
of aspen. In the arid belt between the Eockv ^Icnintains 
and the Sierra Xevada most mountains do not rt'acli up- 




FifJ, 310. — .An Appfllacbiun forp.ct of broatl- 
icavcd (or tlecidiinns, or liardwoorl i Irros 
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ward to timber-line, but end in tlie zones of junijjer or yel- 
low jiine. On the Sierra and along the moist North Pacific 
region all cone-bearing trees — pines, firs, hemlock, cedars, 
and sc(|uoias — have a wonderful development, towering to 
great heights, and con- 
stituting the most mag- 
nificent forests of our 
continent (Fig. 220). 

In Canada are great 
forests. '->nly two re- 
gions are treeless. One 
of tliese is the great in- 
terior plain continuing 
from Dakota and Mon- 
tana nortliward. I'he 
other is the far north- 
ern area, called " Ijar- 
ren grounds," which is 
too cold for forest 
growth. Much land in 
the southeastern prov- 
inces has been cleared, 
but enormous forests 
stretch from the Lau- 
rentian uplands to 
Iludson Bay, and others 
from the basin of ifac- 
kenzie River southward 
along the slopes and 
valleys of the western 
mountains. The latter 
extend over Alaska to 

the Par'ific coast. At the east are scrub pine, white and black 
spruce, larch, aspen, and bircli. At the west are spruces, 
firs, hemlocks, and cedars. The softer woods, like spruce, 
poplar, and basswood, are much used for making wood pulp. 




Fia, 2'-?0. — A pine forest of the Sierra Nevada. 
Pines are narrow-leaved (or evergreen, or 
cone-ljearing) trees. 
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Southern Mexico and Central America sliow forests of 
the trojjical sort. Palms, rosewood, mahogany, logwood, 




ropical fnrept. Ync.ntJlTi, 



and ruliber trees are common, while njion the mountains 
more northern types, such as oaks and pines, arc found. 

270. Forestry.— Til is is the name given to a scicntitie 
system of managing woodlands. The United States De- 
partment of Agriculture maintains a Bureau of Forestry, 
to study forest problems and give skilled assistance to forest 
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planters and owners. In tlie early days the settlers cut of! 
forests wastefulh', to elear the land. !N'ow it has l)econie a 
matter of pnhlic interest to regnlate tree-('iitting and to 
plant forests. This is done in part to keep a snp]ily of 
timber, and in part to regnlate floods and prevent the waste- 
ful washing of the soil. The cutting of the Adirondack 
woods exjioses the spongy cover of mosses and leaves to 
destruction, and lets the storm- and snow-water run swiftly 
otf, flooding the Hudson, while at other times the water is 
low and scant}'. In other words, the soil mantle and its 
nap of vegetation serve as a reservoir to hold the water and 
dole it out throughout the year. This storage service and 
the preservation of the Adirondacks as a ])layground are 
regarded as so imjiortant that the State is purchasing and 
reserving much forest land in these mountains. Similarly, 
the National (iovernment is reserving forest parks, as in 
the Yellowstone region and among the mountains of Cali- 
fornia. The care of existing forests consists mainly in 
2iro2;)er thinning, and cutting only the mature timber, instead 
of reaping a wasteful harvest at the expense of the future. 

Some land in K"ew England, no longer regarded as prof- 
itable under the plow, is relapsing into forest. Schools of 
forestry are being established, as at Cornell and Yale Uni- 
versities, and on the Biltmore estate in North Carolina. 

280. Small plants in forests, — In the moist and shaded 
places beneath forest trees, low growths flourish. If enough 
light streams in, flowering herbs will thrive, as in our north- 
ern woods, and in any case mosses and other lowly jdants 
will establish themselves. Hence we may think of these 
wild grounds as havirig several layers of vegetation, from 
the modest mosses up to the forest monarchs. 

281. Natural meadows. — This is another name for Prairies. 
The student should review Section 150. There the origin 
of the plains was the special theme. Here wo refer to the 
vegetation. Trees are absent except along the streams. 
Coarse grasses and large flowering herbs cover the ground 
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in its natural state. Tlie glowing colors of the aster, golden- 
rod, and otlier tall plants are common. The great prairie 
region separates the region of the eastern forest from the 
Great Plains, on which forests do not grow because the 
climate is too dry. But the climate of the prairies is not 
unfavorable to tree growth. The tree limit has been 
crowded eastward beyond its natural position by fires. Two 
centuries ago there were prairies of some extent in central 
Virginia and western Xew York, but their boundaries have 
disappeared with the clearing of the trees from the sur- 
rounding lands. 

283. Alpine plants. — The term Alpine is derived from 
the lofty mountains of southern Europe, but applied to sim- 
ilar characters and conditions wlierever found — to scenery, 
climate, plants, animals, and even the customs of men. In 
eastern North America most of the mountains are too low 
to reproduce Alpine conditions of plant life, and forests 
usually rise to the top. But in the western mountains are 
high fields and slopes, aljove the timber-line, where the 
ground is often closely covered by a mat of low plants, with 
flowers of maiiy and brilliant hues, resembling the flora of 
the Alps. The term Flora means the total jflaiit life of a 
region. The flora of Rhode Island, for example, is the en- 
tire assemblage of plants, large and small, living within the 
(State. 

283. Water-loving plants. — All ]flants require water, birt 
some have become fitted to live with very little, while oth- 
ers require muclr. In the latter class we find many kinds. 
In the waters oft' the seashore are many humble, flowerless 
plants known as seaweeds. If we row our boat over the 
shallow waters of any pond or lake, we look down upon 
jflants that are perfectly submerged, even though they 
stand upright and are of considerable height. If we pull 
one of these stems, we find it limp. It is supported by the 
water, and does not need a strong, Avoody stalk, like an 
open-air plant. It may have poor roots also, since it takes 




Fir., 22--*.— A iiKiiinfaiTi vU-w in Ooloradn. sliowinLC the .^ronpinii of (ihnifs with n-fer- 
enco to watrr. Jii llie lakulct are yellnw pond-liliys, then a licit, of swauip-^a'uss, 
a belt of shore bushes, and Jiiially a pine forest on firm, dry land. 
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its food less from the soil than from the water. Other 
plants, like the water-lily, are well rooted, and tlie stems 
submerged, but their leaves rest on the water, and their 
blossoms rise a little above it. Multitudes of lowly plants 
are not attached, but move or float free in the water. 

Swamp jjlants root in water or very wet earth and rise 
more or less above the water surface. Reeds, rushes, and cat- 
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1<|( i:i — \n 11 il pi III! Ill imiili, 111 Vii/c.iu ^1 iiiuh ilollml Willi li u liu-lii -. im 
tliL distant lulls is tlu lii ^niiiiiiv^ ot tliL jiiiiiiHr zuin.. 

tail flags are good examples of those, and may be seen on the 
borders of any pond. There the conditions of plant life are 
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about lialf-way between those of water and those of land. 
In swamps are found tlie ciip-likc leaves of the pitcher- 
plant, the spongy mat of the sphagnum moss, and the fruit- 
ful cranberry. Upland trees assume special characters when 
growing on swampy ground, and the great swamp-cypress 
of the Southern States is never found on drier laud. 

28-1:. Dry plains and deserts. — As we pass from the prai- 
ries, or natural meadows, westward, we find the plants be- 




i'']G. 2:^4 — A trfi'-yiirc'i on .1 descrf of soiithccii Ciilifoniia. 



coming more scattered and of fewer kinds, consisting mainly 
of bunch-grasses and low bushes. The region is not a des- 
ert, but affords a certain amount of pasturage. Wide ranges, 
however, are needed for herds, in comparison with well- 



grassed regions. 
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Farther south and west, areas of true desert begin. Parts 
of western Texas, New Mexico, Arizona, Xevada, Utah, 
southern California, and Mexico, fall in this class. Ordi- 
nary plants could not live in such heat and drought. Some 
desert plants, as the cactuses, have no leaves to exhale the 
moisture. Others have only a few small leaves and shed 
them in early summer. Yet others, like the larrea, Spanish 
bayonet and agave, have varnished leaves, from which there 
is little evaporation. All stand wide aj)art, so that each 
plant may have a large patch of soil to store for it the 
scanty rain, and some send their roots to great dei^ths. 

Animals of Xortii Ameeica 

We have groupied the plants mainly according to the 
conditions in which they thrive. It is not so easy to do this 
ill the case of animals, for while plants are generally at- 
tached to the soil, animals often range freely over long dis- 
tances. But animals, too, are dependent on climate. Some 
dwell on the ground, others in the soil, and yet others move 
freely in the air. Many can live only in the water, and 
some, like the frog, or the beaver, are at home in the water 

or on the land, dividing 
their lives between tlie 
two. 

285. Animals of the 
North, — On the tundras 
of Alaska and northern 
Canada are polar bears, 
arctic wolves, foxes and 
hares, lemmings, and, at 
the east, herds of musk- 
oxen. Most of these 
have whitish fur, so that 
they are not easily seen 
against a, l^ackground of snow. The barren-ground cari- 
bou, closely resembling the Lapland reindet'r, roams tlie 




Frc. '.22.5.— Tlie ninpk-oxen iiiliabit tundras and 
liiirR-ii i;niuii.ls of the far North. .See Fif;. 326. 




Fig. 236.— Distribution of the musk-ox, moose, and antelope. Ttie country of the 
musk-ox is shown by orange ; that of the moose by green ; that of the antelope, 
in the year 1900, by purple. 
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II inhibits (I 1 .1 ^rs 

iif Canada and Alaska. Svc Fig. 2;il. (t'opy- 
riglitcd by Fnrost and Stream.) 



Cduiitry in vast lierds. In neighboring forests, l.)r()wn and 
lilark ).)ears abound, with the moose, woodhind caribou, 
and lynx. Tlie tisher, otter, marten, and mink are still nu- 
merous, though re- 

ducedliylong hunt- 
ing for their furs. 
The betiver is still 
common in Ctmada 
and in some parts of 
the United States. 
•' This very intelli- 
gent animal is the 
chosen emblem of 
Canada, for it is at 
home in the woods 
and water." (Daw- 
son.) 

At least 600 kinds of birds live in Canada, most of which 
spend the summers and breed there, but escape the ice and 
snow of winter by flying southward. As we might exjiect 

from the wide for- 
ests and thousands 
of lakes, ducks, 
geese, and other 
water - fowl are 
found in countless 
numbers. 

280. Animals of 
the temperate re- 
gions. — These re- 
gions include much 
of southern Cana- 
da and nearly the 
whole of the Unit- 
ed States. They inrdude also great differences of animal 
life, if the mounttiins and the plains, the Xorth and the 




Fig. '22S. — The moose lives in northern forests. See 
FiL^ --i^i'i. iC'opyriLdited tiy Forest and Stream.) 
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Fig. x;29.— The antelope, or pronghorn, oc- 
cupies open country on the Great Plains 
and westward. See Fig. 226. (Copy- 
ri^^'hted by Forest and Stream.) 



South, are compared. In 
the forests of the West live 
elks, and Vjears, black, 
brown, and grizzly ; about 
crags and i)euks climb 
mountain sheep and moun- 
tain goats ; and antelopes 
roam the open lowland. 
All these large animals are 
numerous, though less 
aliundant than formerly. 
Buffaloes once ranged the 
Great Plains of the United 
(States and Canada in mil- 
lions, so that the land was 
sometimes black with them. 
It is believed tliat not more 
than 50 now survive in a 

wihl state. With ruthless hand man has destroyed them, 

for sport or for the sale of their hides, and so we have a 

striking example of how man is changing the animal jiopu- 

lation of the world. 

T h destructive 

jack - rabbits and 

prairie-dogs of the 

plains are less 

M'orthy to survive, 

Init lietter able to 

hold out against 

tlio attack of man. 

Bears and wildcats 

are found in all the 

forests of the East, 

and deer, under the 

protection of the 

game laws, are 







Fig. 230. — The white-tail or Virixinia deer li\-es in tem- 
perate forests from the Atlantic coast to the ]?oeky 
Mcamtains. Its ranj^e i:rrows smaller as tlie lands 
are cleared. See Fig. 231. (Copyrighted by Forest 
and Stream.) 




Fig. 231. — Bistribution of the caribous, white-tail deer, and peccaries. The sum- 
mer raBge of the barren-j^roiind caribou iy shown by blue ; the range of the wood- 
land caribou by bars of darker blue ; the country of the deer by yellow ; the 
country of the peccaries by red. 
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:il)uiid:uit. In the Adirondack woods :ind the woods of 
Maine more than 10,000 deer are annually killed. 

2Sr. The southern lands.— Here the animals, like the 
plants, change to tro23ical kinds. The tapir, jaguar, and 
nuiuy monkeys iuhahit Central America and parts of Mex- 
ico. Armadillos and peccaries flourish as far northward as 
Texas, and opossums northeastward to A'ew York. Bril- 
liantly plumed hirds 
and venomous serpents 
tell of ' more southern 
latitudes. Serpents of 
all kinds diminish to- 
ward the north, and are 
unknown in Alaska 
and northern Canada. 

We must not omit 
the most abundant of 
all animals, the count- 
less insect hosts that 
swarm from farthest 
north to farthest south. 
So, too, all fresh waters 
are full of life. Lakes 
and rivers teem with 
fish, and even the soil 
is honeycoml^ed \\ith 
the paths of earth- 
worms or burrowing 

moles, gophers, woodchucks, and prairie-dogs. The conti- 
nent is filled with animals and plants on its lands, in its 
soil, in its waters, and in the atmospheric sea that rests 
upon it. Each condition of temperature and each sort of 
abode has its own groups of living things. 

We shall now study the piinciples that, are illustrated 
by the plants and animals of our own or of any other 
continent. 
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Geographic Condition's of Life 

388. Temperature. — Neither jilunts uor animals can ordi- 
narily live and be active in temperatures below 30° or above 
120^ F. They may for a time endure greater extremes, 
as when i)lants survive the low temperatures of winter or a 
man toils in a drying-room of some factory. Certain arctic 
animals are protected against great cold by coverings of fat 
and fur, and certain lowly plants live at higher tempera- 
tures in the waters of hot springs, but the range of 00° 
above given is all that life can usually endure for a long 
time. As wo have seen in studying the life of our own 
continent, the range is not the same for all forms ; ser- 
pents and monkeys can not live in the arctic zone, nor 
polar bears and reindeer in the far South. Cotton lielongs 
in the Gulf region, corn in the prairie and Middle Atlantic 
States, and wheat, overlapjiing the corn, will thrive far 
north in Canada, in regions too cold for the taller cereal. 
The life depends on the latitude, because the latitude de- 
termines the amount of heat. At the foot of the Rocky 
Mountains in Colorado is a mild climate, with bushes and 
cactus on the plains, with cottonwood along the streams, 
and with grain, alfalfa, and abundant fruits wherever tlie 
land is cultivated with aid of irrigation. Up the moun- 
tainsides are evergreen trees. Beyond the trees are alpiu" 
flowers, and above the flowers, rock, snow, and chilling 
winds. The same story is told if we ascend Mount Etna, 
the Alps, or any other lofty mountains rising out of a warm 
country. All grades of temperature, to those of arctic 
climes, characterize the dilTei'ent parts of a great mountain. 
Thus altitude vies witli latitude in deciding how much 
heat a place shall have, and wliat plants and animals shall 
live and thrive. By shedding tlunr leaves, or Ity the ;innual 
death of the open-air stem, plants may endure great cold 
in winter. By natural or artificial covering, animals, in- 
cluding man, provide for extremes of temperature; but 




Fio. ■^33.— A palmetto c:rove. Alost of the palms are tropica 
metto follows the Atlantic coast northward to Nurtli I'ari 
emblem of South. Carolina. 



lint th(.^ pal- 
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334 AN INTRODUCTION TO PHYSICAL GEOGRAPHY 



heat and cold decide largely what creatures shall fill a 
region. 

289. Water. — No life can be carried on without water. 
The greater part of all animal bodies, and of many plants, 
is water. It supplies food, or it serves as a moving fluid to 
carry food to all parts of the body— as the blood of higher 

animals and the sap of 
trees. We have seen 
that plants in particu- 
lar show the greatest 
differences in resi^ect 
to water. Some live 
in the desert, others 
in places of alternate 
moisture and drought, 
others root in moist 
soil, and yet others are 
partly or wholly cov- 
ered by water. The 
cactus sends out spines 
instead of leaves, and 
grows a stocky trunk, 
to avoid breathing all 
its water into the dry 
air. Tlie tree braces 
itself with many roots, 
rises high and strong into the air, and recprires a moderate 
supply of water. The water-lily has a, limber stalk and a 
limber loaf, because the water bears both uji, and the water 
and wet soil below it nourish the plant. With the most 
heat and the most water we find the most luxuriant plant 
growtli of tlie world — the tropical forest. With the most 
heat and the least water we find the opposite condition — 
the desert. 

300. The atmosphere. —'I'll is is essential to all life. In a 
general sense all creatures "1,)reatlie "' the air. The higher 




Fig. 3-3(. — n;ml utkI ]unu] inadtj by lK'a\XTs; 
Wyomiiii;. The beaver makes his home in 
streams and uses ^reat skill in controllin,ir 
the watiT to snit liis needs. 
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animals have various devices, such as lungs and gills, hy 
wliich they take in large amounts. Man and the other 
warm-blooded animals use by far the most, but all lowly 
animals and all plants must have air, and have some means 
of absorbing it. This is true even of those that are covered 
by water, and at great depths. At the bottom of the sea, 
for example, air is present, though in minute quantities. 
The roots of the swamp-cypress illustrate a special device. 
They are in submerged soil, and send up short, blunt ex- 
tensions known as " knees," above the water surface. If 
the water is raised to cover the knees, the tree dies, for it 
is the work of these parts to receive air, which otherwise 
can not reach the roots. 

291. Light. — 'JMiis is required by nearly all life and by 
all high forms. The higher plants can not live without it ; 
sulmierged plants survive with a partial supply. The de- 
pendence of plants on light is illustrated by the pale and 
feeble growth of vegetables in a cellar, even though mois- 
ture and heat be fully supplied. Thus we may explain the 
appearance of close forests, in which each tall, bare trunk 
bears a canopy of limbs and leaves like an umbrella. As 
the tree grows, the lower branches, condemned to the shade, 
die and fall off, while the top branches thrive in the sun- 
light. The arrangement of liranches on a trunk and of 
leaves on a brani'li is such as to expose the most leaf surface 
to the sun. Exceptions to the general rule are found in 
burrowing creatures, like moles and earthworms; in cavern 
fishes and cavern insects, surviving for generations in the 
darkness, and partly or wholly losing their eyes for lack of 
use; and in creatures in the de]itlis of the sea, where sun- 
light does not penetrate, and dai-kness is only relieved by 
such phosphorescent glow as their own bodies can furiiish. 

2'.)'i. Soils. — TJu' plant groups on land depend directly 
on the soil, in connection, of e(nirse, with the sujiply of 
heat a.nd water. Some soils contain calcium carbonate, 
others are of clay, and some are almost wholly nnide up of 
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sand. Sand supports but ;i partial covering of plants, as 
the scant grasses and scrubby pines of dunes. The nature 
of the soil also controls the water supply. Sand parts with 
water too easily, while a clay soil holds it so tenaciously 
that artificial drainage by ditches and tile is often needed. 

293. Climate. — This, as we have seen, is determined by 
many couditious of lieat, moisture, and seasonal change, 
and plants and animals in any region must adapt them- 
selves to these conditions, or migrate, or perish. Some 
plants, as certain mosses or lichens, may dry up entirely 
in a period of drought, and revive when moisture comes 
again. Many survive the winter by maturing in the au- 
tumn seeds which lie in the ground and sprout in the spring. 
Others, as many bulbous plants, die down to the surface of 
the ground, and the underground stem lives, to start the 
growth of the next season. Inroad-leaved trees drop their 
leaves in winter, and quickly put them on again with the 
renewal of warmth. Evergreen trees have small, tougli, 
enduring leaves, whicli arc proof against the frosts of 
winter. Some animals lie dormant throu.gh the winter, 
neither eating food nor wasting the tissues of their bodies 
by activity. Birds, wliose swift flight gives tiiem inde- 
pendence, adapt themselves to the changes of season by 
migration to remote regions, all save those which have ac- 
customed themselves to the pinch of winter and to living 
upon buds, and other supplies that do not fail. 

39-i. Other animals and plants.— Heat, light, and air are 
hardly more important to a living form than the animals 
and plants by wdiich it is surrounded. Animals find in 
other animals their friends and foes, and of plants we may 
truly say the same. Xot less is it true that animals and 
plants influence each other, helping or destroying. Some 
illustrations of these relations will be given as w^e proceed. 

295. Environment. — All surrounding nature is important 
to the plant. Tlie earth, the sun and sky, and all living 
things about it, make up what we call the Environment, 
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which is only a scientific word for the total surroundings 
of an animal or plant. We have just been studying the 
elements or jjarts of environment — namely, temperature, 
water, atmosphere, light, soil, and other living things. The 
environment largely but not wholly decides what a plant 
or animal shall be. 

390. The tendency to spread. — Single plants usually ripen 
many seeds, and some plants mature them by hundreds or 
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thousands. ^Ye ma,y say in a figurative way that every 
plant tries to occupy as much ground as possible, taking 
possession wherever there is an opening and pushing out 
into wider fields, so far as soil, moisture, and other condi- 
tions are favorable. The same is true of animals. Tlius 
the liuffaloes multiplied until they virtually possessed the 
Great Plains. If a single pair of birds sliould be placed in 
a favorable region and no accident should happen to them 
or to their offspring, their dcsceiulants would in a few 
years Ije numbered liy tlionsaiuls and spread over a wide 
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field. A lieavj' fine is said to be the penalty for bringing a 
white daisy into Minnesota. It might ditiuse itself over 
the entire State, bringing iintold harm to the farmer. A 
few years ago a foreign inseet known as the gipsy-moth 
was brought into eastern Massachusetts. In the caterpil- 
lar stage it preys upon the foliage, and it has filled New 
England with alarm lest the trees be destroyed. Large 
sums have been expended by the State of ^Massachusetts to 
check its spread. 

r^97. The struggle for existence. — Tlius we see how, if 
left to itself, any animal or plant would take possession of 
all the land or water where it could live, if it met no impass- 
able Ijarrier. But the space is limited, and so each group 
of plants as well as each individual has to contend with 
every other. The oaks can not fill the forest because the 
chestnut, ash, and maple are there. In a thicket of young 
nniples, not all can giow up to be large trees. Those will 
win which have the Ijcst roots, the deepest soil, the best ex- 
posure to the sun, or sutt'er no injury from beast or man. 
Thus we exphiin what is meant by the now common phrase. 
Struggle for Existence. It is not usually a conscious strife, 
liut h is the silent contest going on among competing 
plants and animals. Fishes produce vast numbers of eggs, 
part of which are devoured or otherwise perish, while the 
remainder hatch. But of the multitudinous " fry" oidy a 
small part arrive at maturity. iMany die of accident, or 
from failure to get food, or fall a prey to other fishes, and 
out of such a, " struggle" only the strong or the fortunate 
reaeh full size and live to their natural limit. In some 
regions the white oaks are said to be falling behind in the 
struggle with other oaks, because their acorns are more 
prized by squirrels and diligeritly sought by them. Thus 
by an innocent preference of the sf(uirrel, one kind suffers 
ami the others win in the struggle. Let us take a.gain the 
case of the tree. A beech may produce thousands of nuts 
in a single season. These seeds are eagerly gathered by 
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forest animals. If they escai^e this fate, they may ger- 
minate and drive a root into the soiL But even then, in 
the thick of the forest the chances are vastly against the 
sapling. Taking the seeds of j^lants and the eggs and infant 
offspring of animals, especially of lowly sorts, only one in 
many thousands is likely to produce a mature life. 

298. Migration. — Animals and plants often succeed in 
the struggle for existence by migrating. All plants scatter 
their seeds somewhat, and some strew them broadly. The 
dandelion provides them with plumes that the wind may 
carry them, the burdock hooks them to the hair of animals, 
and there are many other devices. So each plant tends to 
increase its range and sjiread as widely as it can find suit- 
able environment. When the cold of the Glacial jieriod 
came on, each kind of plant found life harder at the Xorth 
and easier at the South, and so, in the course of generations, 
its range was reduced on one side and extended on the 
other. Individuals were killed, Ijut the race gradually mi- 
grated toward the south. The plant species which could 
easily send seeds southward survived, and any which could 
not migrate jjerislied. This is tlie sense in which fixed 
plants can migrate — that is, from generation to genera- 
tion. Land animals and free-swimming oceanic animals 
can migi'ate as individuals, and the birds, as we have 
seen, for the greater part, are in the habit of periodic 
migration. 

299. Helps and hindrances to migration. — Some of the 
devices that favor the spread or migration of plants have 
been noticed. Such are tlie hooks of the burdock and the 
plumes of the dandelion. Other seeds have a hard covering 
Avhich protects them against destruction in the crops of 
Ijirds, and they may thus be dropped after being carried 
long distances. Seeds eml^edded in soil or mud are carried 
on the hoofs of beasts or the claws of birds. Since man has 
come upon the earth, multitudes of seeds — some good, some 
bad — have been diffused over tlie earth by him. Such 
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is the so-called Eussiiiu thistle, whose roundish tuft of 
brandies breaks otf at the gr(Uind and is rolled and driven 
widely by the winds over tlie Great Plains. The restric- 
tions upon the importation of fruit, meat, and other articles, 
by various nations, illustrate the human agency in distrib- 
uting the germs of life. 

Floating timber and roots may transport seeds, plants, 
and even small animals, for long distances down rivers, and 
even across seas. It has been shown that some seeds may 
live after long journeys in sea-water. This helps to explain 
how new islands in the ocean obtain a covering of plants. 
As we have seen, swimming and tlying animals have an ad- 
vantage. The beasts of I'ontinents can not reach remote 
islands irnlcss carried there Ijy man. But tlie birds are 
there, because they have the means of traveling (.iver the 
waters, being often blown out by storms, and alighting 
there for refuge. 

We have now begun to see that migration is hindered or 
prevented by Barriers. The sea is an alisolute liarrier to 
most laml plants and animals. The wider the sea. the com- 
jileter the Ijarrier. Hence lauds witli tlie same climates 
may have very different groups of animals. Thus in Aus- 
tralia, South Africa, and South America are found very 
similar conditions, but the animals and plants are different 
because there has been no chance for them to mingle, and 
each continent has developed its own kinds of life. Islands 
have a life of their own, except as migration is possible, or 
has been at some time jiossible, or the hand of man has 
interfered. So far as islands reseudjle continents in their 
animals and plants, they are like the nearest continents. 
The Galapagos Islands, for example, resemble South Amer- 
ica, a,nd the Cape Verde Islands, western Africa, in their 
life. Hawaii is far from large lands and has no large mam- 
mals or snakes. 

Lands serve as barriers betweeii seas, and lience the 
ocean forms differ on opposite sides of the Isthmus of Pan- 
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ania. There is some likeness, however, and this shows tliat 
the waters liave some time crossed wliere tlie isthmus now 
lies. So too the life of the Eed Sea is not like that of the 
Mediterranean. The English Channel is a narrow water 
barrier between England and the Continent. It has not 
always been there, and in the days of land connection wild 
animals went freely to and fro, which explains the close 
resemblance of the native animals of Croat Britain to those 
of the rest of Europe. 

300. Dependence of animals and plants.— The animal and 
plant kingdoms belong to each other in many ways. First, 
we have the familiar fact that most of the higher land ani- 
mals depend on jilants for food. And beasts of prey, in 
devouring other animals, depend indirectly on plants for 
life. Vegetation is the only means by which the minerals 
of the soil can be changed into food for land animals — in- 
sect, beast, or man. 

We have seen that by direct carriage of seeds or roots, 
animals foster the wider distribution of plants. But the 
botanist and zoologist knoAv of many more intimate and 
curious ties that bind jjlants and animals together. In- 
sects are protected by taking on certain colors, as the green 
of forest or meadow. Worms may mimic the color and 
even the forms of brariching twigs, and thus escape ene- 
mies. The tiger is not easy to see in the jungle because 
its stripes confuse it wiih the ujiright lines of light and 
shadow of luxuriant plants. 

We find also that insects and flowering plants have 
much to do with each other. Many plants would never be 
fruitful if insects did not drop the pollen of one flower 
upon the pistils of anotlier. And insects and plants have 
become adapted to each other liy this means. Some in- 
sects seek the pollen itself, and others seek the nectar of 
the flower for food, but in any case the result is the trans- 
fer of the pollen. Darwin describes a red clover which 
could not live witliout the visits of bumblebees ; the honey- 
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bees can. not reach deep enough into the flower tubes to get 
the nectar. Hence auj- enemy that should destroy the 
bumblebees would make it impossible to raise this kind of 
clover. 

301. Life of the ocean. — Some facts have been learned in 
jirevious chapters. The ocean has its regions and groups 
of forms as well as the land. Deep water is a perfect barrier 




Flu. -j:;? -Si>:!-li(iTis. .^aiita Cataliua Islaiiil.-, I ■alifc.rnia. Tl 
thiinMighly fltlril f.ir the sea. and subsist cm ciittle-fislics 
rcniole ancest<n-.s lived otl the laiiil and resetrdiled lu-ars. 



eiu'h tliese animals an 
it IS thc.iu.dit tliat tlleii 



to shallow-water forms, and if they should migrate along the 
shores they might find warmer or colder water that would 
be fatal to them. Corals belong in warm seas, walruses 
thrive in northern waters, and eacli is as characteristic of 
its zone as palms and polar bears are of the land zones. 
The whale is a great specialized mammal, whose ancestors 
are believed to have lived on the land. It has developed its 
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fore limbs iuto paddles and its tail into a powerful rudder, 
but has only partly become fitted for life in the water, for 
it must come to tlie surface to breatlie. It has a wide 
range in the sea, but its numbers have been reduced by 
man. A whale was, in the autumn of 1901, reported as 
having strayed up the St. Lawrence as far as Montreal. 

Oysters, clams, scallojjs, and other so-called shell-fish 
inhabit the shallow waters near the shore. These shelled 
creatures (mollusks) exist in enormous numbers and have 




Fig. i:-;s.-rr,ib.^ livinL^^ in shallow water of the ocean; the lielp crali. in iqiper part 
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shells of great variety of form, espocially in tropical waters, 
where ornamentation of form and color has its highest de- 
velopment. With them are starfishes, thorny sea-urchins, 
and the more active lobsters and crabs. The product of the 
seas most important to man is the fish. The shoal-water 
fishes and the deep-sea fishes furnish the study of a life- 
time to any one who would know them well. 

Let any one go into what we call tlic silence of forest 
or open field and wtitch and listen. It is a world of sights 
and sounds, of living things. Or let him wander by the 
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seashore, aud look into tlie pools that the ehbing tide 
leaA'es, or see what the wa.ves east up. The sea is iuU of 
life also. 

If we would know something of the living world, and 
would understand what it means, we must also learn that all 
ereatures have eome down from a remote past, and that the 
ancestors of herl) and tree, of nu)llusk, seri")ent, bird, and 
horse, are buried i]i the rocks. This opens the realm of 
geology, which ever forms tlie background of geograph}'. 



CHAPTER XYI 

THE EARTH AND MAN 

Man is more widely seattered over the lands than any 
other animal. He is not coniined to single continents or 
to separate zones, althougli some races or tribes have become 
specially adapted to hot climates and others to cold regions. 
The man of temperate latitudes, by his greater intelligence, 
is able to live and work for years in the arctic or m the 
tropical regions. Man may not live among the rocks and 
snows of the highest monntains, in the driest and hottest 
deserts, or on ground covered by a. great glacier, as central 
Greenland. He may, however, visit all these places. The 
only regions where, so far as we know, man has never lived 
or journeyed, are those nearest the poles. He has so accus- 
tomed himself to safe and prolonged travel upon the ocean 
that he may almost be said to occupy the great waters as 
his home. Like the plants and the other animals, he de- 
peuds on a variety of conditions whi(di make up his envi- 
ronment. 

303. Food. —Here we have the most important relation 
which our kind holds to the earth. There was a rude, 
primitive man, living in ages now long past, who, in simple 
ways, got his food from the life that was about him. There 
were herbs, shrubs, and trees, producing nuts and other 
seeds, wild berries and other fruits, and affording, beneath 
the surface of the soil, juicy stems and roots which could 
be dug by fingers or sticks ; and various small animals could 
be caught for flesh. At length rude impleuKMits of chase 
were invented, such as flint arrows and fish-hooks of bone, 
34G 
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and the flesh of larger animals was added to the food sup- 
ply. Flint knives, ehipped and rough, served to skin the 
animals, and as the arts of fire were learned cooked food 
begun to be used. 

In a gradual way, through the ages, foods niultij^lied, 
until now the world is ransacked to provide for the table 
of a civilized household. Wild plants were cultivated and 
were improved, until, in many cases, all traces of their origi- 
nal condition were lost. By consta-ntly selecting the best, 
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and by tilling and enriching the soil and i-cmoving other 
plants, the various grains, fruits, a,nd vegetal^les familiar to 
us have been developed. Eocks weather into soil, water 
moistens it, the sun heats it, a seed is provided, a plant 
spreads its leaves in the air, and by its roots, stems, or 
fruit man lives. The great foods of temperate I'cgions are 
the cereals or common grains. Wlieat is one of the most 
wides]ircad. Its origin is unknown, but it is now grown on 
the plains of Eussia, the prairies and plains of the United 
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States and Canada, in South America, Australia, and other 
parts of the world. Maize, or Indian corn, is a native of 
America, requires a warmer climate than wheat, does not 
thrive so far north, and is one of the most important grains 

of America and of other 
lands as well. Barley, 
rye, and oats agree in 
their adaptation to the 
cooler temperate cli- 
mates of the world, as 
in Canada, northern Eu- 
rope, and Siberia, and 
each in certain regions 
is the most importaTit 
food plant raised hy the 
jjeople. 

Rice, grown in many 
lands where heat and 
moisture abound, is the 
chief food in vast re- 
gions. In China, Japan, 
India, and the East In- 
dian islands 500,000,000 
people live mainly upon 
it. Other jdants which 
thrive in warm lands 
offer an abundant food 
supply obtained with lit- 
tle labor. Here belong 
the fig, the various 
palms, and the bread- 
fruit. Tlie temperate regions also have their improved 
fruits, such as the apple, pear, peach, and many l)erries, all 
derived from wild ancestors. The potato is the most im- 
portant example of a tuber or underground stem used for 
food. It is a native of South America., has spread to other 
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continents hy the hand of man, and sometimes, as in parts 
of Ireland, forms the principal article of food. A great 
variety of plants 

could l)e named „..,, ,. i 

from which stimu- 
latiiig drinks are 
Ijrewed or distilled. 
Such are tea, cof- 
fee, the saps of va- 
rious plants, many 
grains, and many 
fruits. Here also 
reference may be 
made to the won- 
derful ditfusion of 
the growth and use 
of tobacco in mod- 
ern times. 

303. Animal food. 
— We have seen 
tliat the early man 
sought to take fish 
and to pursue wild 
aninuds as his prey. 
With increasing 
skill he secured 
much game, as did 
the American In- 
dian, with his use 
of 1)0W and arrow. 
In course of time 
fishing Ijccamc an 
art pursued by 
thousands of men 
on lake, river, and sea, and the coastal tril)es and peoples 
have always thus obtained much of their food. Other 
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marine animals, like the oyster and lobster, add their part 
to man's support. But most imjjortaut of all have been 
the domesticated animals, from the time when Oriental 
tribes had their chief wealth in flocks and herds, down 



to the present day 
and refrisrerator-cars. 



of great stock-ranches, stock-yards, 
Scarcely second to the flesh food 
are eggs and dair}'- 
products of every 
kind. It is con- 
venient here to ob- 
serve that water and 
common salt are 
the only mineral 
or inorganic sub- 
stances habitually 
taken into the body 
by man. 

304. Clothing.— 
In covering and pro- 
tecting his body nian 
is brought into an- 
other set of rela- 
tions to the earth. 
The earliest men 
were prolialjly un- 
clad, and to the 
present time little 
clothing is worn bv 
savages living in 
warm climates. The 
curliest garments were rude mantles of skin taken from 
animals, or fringes or plaitings of reeds and grasses. Then 
came primitive weaving, practised somewhat even among 
wild tril)es like the American Indians. Instead of wrap- 
ping skins abiont the body men bega.n, like the Eskimos of 
tii-day, to cut an<l sew them. The lust sta^X's in the orowth 
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of dress bring us to the highest arts of the loom at the pres- 
ent time. Here the animals and the plants contril)ute almost 
equally the fibers for cloths of every sort. Chief among 
plant fibers is cotton — that is, the silky hairs which clothe 
the cotton-seeds. It is cultivated in the warm belt extend- 
ing around the globe. 
It was known in ancient 
times, but does not go 
back to the earliest 
days in Egypt or China. 
Tt is one of the few 
commercial products 
of supreme importance. 
Flax furnishes another 
vegetable filjer, well 
known in linen and 
laces, and often used 
for sails and twine. It 
thrives in a wide range 
of temperature, north 
and south, and was 
used in remote times. 
The coarser fibers of 
hemp, jute, and manila, 
which we know chiefly 
in cordage, still serve 
primitive peoples for 
clothing. The wool of 
sheep is the most wide- 
ly used of all animal 
materials, especially in 

temperate and cold latitudes, and the fibers of the silk- 
worm furnish the most delicate fal)rics that the art of man 
has produced. Gradually perfection has been reached in 
the tanning of skins, particularly for foot coverings ; and 
furs are the necessity of arctic peoples and the luxury of 
24 
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dwullers in lowur latitudes. Tlie feathers of Ijirds have 
long furnished favorite ornaments, and man also draws 
directly from the earth the lustrous and rare minerals 
that he calls gems and the variety of objects for personal 
adornment that he makes from the precious metals. 

305. Tools and utensils. — Man is the only animal that 
contrives tools. First he chipped stones into arrow-heads, 
spear-heads, and knives. Then he ground and smoothed 
them, and tied stones to sticks for axes. He cut bone into 
scrapers, awls, and needles, and beat masses of native cop- 
per into useful shapes. His great progress came when 
he learned to extract metals from ores and could fashion 
hard and sharp instruments of iron. Thence the unfold- 
ing never stojoped until the in- 
tricate machinery of to-day was 
contrived. In early days men 
wove twigs, roots, and leaves 
ii^to baskets and other recepta- 
cles (Fig. 258). They found 
also that tliey could mold clay 
into useful vessels and bake it, 
so that it would resist the 
influence of air and moisture 
(Fig. 250), and this has led on 
to the making of plastic ob- 
jects as delicate and beautiful 
as jewels. Amither mineral, 
the (puirtz of every bed of 
sand, provides many of the 
most ornamental as well as use- 
ful receptacles, those made of 
glass. 

300. Shelter. — ITcre our depemlence upon the earth is 
as close as it is in the supply of other needs. Caverns were 
perha,j)S tlie lirst shelters, requiring no invention. The 
forests served as a roof, relieving the sun's heat and the 




OTl tlic 1kIII(I1(.'. 



THE EAirni xVND MAN 



353 



force of winds, but offering little barrier to rains and chill- 
ing snows. Huts of boughs, thatched with leaves, perhaps 
came next, and in colder lands dugouts in the earth or 
walls of turf and rough 
stones, with roofs of skin. 
Very early stones were 
dressed, and the temples 
of Assyria, Egypt, Mexico, 
and I'eru prove that skill 
to quarry and build is of 
no modern growth. Iron 
tools made it possible to 
use the wood of the for- 
ests, to hew, saw and mor- 
tise it, and thus to provide 
cottages for the jioor and 
palaces for the rich. The 
molding of bricks and the 
arts of carving, 2>lastering, 
and painting made more 
complete man's mastery of 
the earth for shelter and 
a home. 

307. Fuel and light.— 
The farther north or south 
from the equator man 
lived, the more he found 
fire a necessity, if he was 
to lead better than an 
animal life ; so the supply of fuel became an imjiortant 
problem. For a long time the forests were ample, until 
increasing population and foolish destruction of trees 
had partly exhausted this supply. Fat and animal oils 
took the place of wood in cold latitudes. Then coal was 
found, which is a supply of woody matter and of mosses, 
leaves, and seeds stored away in ancient forest beds and 
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gradually changed to black mineral. In a few regions 
natural gas can be obtained for heating by boring down 
into the rocky layers. 
Light, too, was 
needful to prolong 
the day, especially in 
temperate and arctic 
regions, where the 
winter nights are so 
long. Fats and ani- 
mal oils, as of the 
whale, were first used, 
then gas distill edfi'om 
coal, and oil from the 





refining of petroleum, 
and now has come the 
cleaner, safer, and more 
lirilliant lighting by 
electricity. First man 
lived l)y light of sun, 
moon, and stars alone; 
then he iTsed the oil of 
I'reatures now living, 
until he found the oil 
of creatures and plants 
buried for ages in the 
rocks; and nnally he 

turns to one of the great forms of physical force for his 

illuuiiuation. 
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308. Travel.~Let us now see how man has used the 
earth in moving about upon it. First he traveled by his 
legs and feet, needing no invention. Across rivers he might 
swim, but over lakes and arnas of the sea he must be floated 

if he went at all, 
and for this the 
dugout and bark 
canoe were devised. 
AVitli the domesti- 
cation of horse or 
ass, he mounted 
and rode, and by 
and by a rude har- 
ness and sledge or 
simple wheeled ve- 
hicle advanced him 
farther in the arts 
of travel. Then 
progress was steady, 
from the paddle to 
tlie sail, and at 
length to the pro- 
peller screw ; and 
on land, from the 
sled and wagon to the steam-cur and the electric carriage. 
Navigation of the air must be counted as yet in its begin- 
nings. 

Witli tlic invention of vehicles has gone the making of 
roa,ds and the opening of routes once thought impracticable. 
Fifty yeai-s ago the United States Government carried 
several lines of survey across our western mountain ranges, 
to see where railways could be built to the Pacific coast. 
The Colorado route, where now several railways cross, was 
jironouncod impracticable. Northern Asia, once a region 
of a few wa.nd(!ring tril)es and of convicts, is now opened to 
tlie world ])y the Sil)erian liailwa.y, linking 8t. Petersburg 
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and the Pacific Ocean. Another railway is projected, from 
Cairo to Cape Town, to make a highway througlioiit the 
lengtli of tlie African continent. Kivers and lalves have 
made a great network of inland navigation. Man covers 
the gaps between these natural waterways by making 
canals, storing water at the summits, and letting it down by 
locks through a succession of levels. All valleys invite men 
to easy routes of travel. The trails which lead among hills 
and mountains are followed by graded roads for the re- 
moval of ores or timber, and often by rails of steel over 
which roll trains of laden cars. In his travel, as in provid- 
ing shelter, raiment, and food, man is closely linked to the 
earth, but more and more uses it with triumphant skill and 
power. 

300. Communication and record. — If the early man sent 
a message, he told it to his fellow, who carried it to its 
destination. Or, if he desired to record some story of his 
experience, he made a rude picture by bruising or scratch- 
_ ing the face of a 

clilf. Picture lan- 
guage in time be- 
came elaborate and 
was written on rude 
pa2)er called papy- 
rus, or carved on 
stone. Such records 
are now eagerly 
sought by students 
of ancient history 
in Oriental lands. 
Out of picture 
signs grew letters, 
and picture-writing 
was followed by 
alphalietic writing. Manuscript letters and manuscript 
books were succeeded by printed books, by newspapers, and 




-A (Ini^^-oiit, ;i l)n;ir (■ar\rd from a log and 
|ir"|)Cll('(l liy :i paddle ; Alaska. 
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ill those later days 
by theeleeti-ie tele- 
gra})h auclthe tele- 
phone for swift 
coin 111 unieation. 
As wonderful, if 
less swift ill its 
operations, is the 
niodern postal sys- 
tem, coveriiii;- all 
civilized hinds and 
bringing messages 
of friendship and 
of Inisiness to the 
door of many mil- 
lions of i)eople. 




Fig. 2j4.— La Santa Maria, the fli„'~liil> 'I < "ImiilHi^ 
Large ships, using the power of \Mn(l, tirst made 
great voyages possible. 



Influence of 
exyieoxment 

We have seen 
low man satisfies 
his wants l>y using 
the minerals, 
plants, and ani- 
mals of the earth. 
It is also easy to 
see that he meets 
these wants in dif- 
ferent ways, ac- 
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cording to the kind of country in wliicli he lives. Warm 
and cold climates, deserts and forests, coast lands and 




Fra. S55. — Rock-carvings by Indians of Nebraska ; a pictorial record of events. 

interior lands, all influence him and change him. This 
is tlie work of environment, and we shall now select 




Fi<!. 2.5';.— Pictiirc-writini^ ; a etagf In tlie development of letters. Ttie Book of tlie 
Itead, of wiiicli a paLCe is liere copied, A\'as wrilten by aiicieiif l^:e:yprians on 
piipynis. 

severaA sorts of environment, and see liow man tlirives in 
each. 
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310. Life along arctic shore-lines. — Here the sea is of first 
importance. The fishing and hunting of walruses and seals 
are the main occupations, and almost the only means of 
maintaining life. Houses are built of earth or snow. Skins 
are the onl}' clothing, implements are fashioned from hones, 
fat mnst serve for light and heat. A hare struggle for ani- 
mal existence makes up nearly all of life, and the higher 
cravings of human nature are unknown. Only a single 
race, the Eskimo, has become fitted to this severe en- 
vironment. 

311. People of the northern deserts. — These lands stretch 
south from the polar seas, and are covered with snow most 
of the year. The 

soil is always deeply 
frozen except a few 
inches at the surface 
in the short sum- 
mer. Such regions 
are found in Alaska, 
British America, and 
Siberia. In the sum- 
mer many herbs and 
a few stunted wood- 
ed p)lants put forth 
leaves and blossoms, 
flosses abound, on whicli the reindeer feed. The people 
can not live in villages or settled homes, for they must 
move to get food. Tlicy can not till the soil, for crops 
will not ri}ien. A few leaves and berries are the on!}"" 
plant food. Fish and the milk and flesh of reindeer are 
their chief dependence, and the fish must be diligently 
sought and dried during the short summer. Life is in 
tents, often moved, and is nearly as barren as that of the 
Eskimo. 

312. Temperate forests of North America. — Here lived 
Indians. They were hnnter.s and fislicrs, but depended 




Fiii, 257. — Life on \he Sihorian plain. A Samoyed 
(^Ifd drawn l)y rcinderr. 
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largely on seeds iind fruits of wild plants, and many tribes 
had the beginnings of agriculture. Some, as tlie Pueblos 
of tlie southwest, lived in permanent villages, with well- 
built houses of stone ; 

; ^ others were more or less 

■ I migratory, making tem- 

^^pi ■■ porary shelters of boughs 

'' and bark, or portable 

tents of skins. They 
were exjiert in basketry 
and pottery, but knew 
nothing of iron, and had 
trained no animal to 
their service. They dwelt 
in a land which was 
able to nourish a far 
higher society, and upon 
which, during a short oc- 
cujiation )jy a more ad- 
vanced race, the highest 
tyjie of human life has 
established itself. Such 
a forest region gives us 
at first the savage, next 
the trapper, then the 
pioneer fanner, labori- 
ously clearing the trees 
from a few acres to make 
space for field ami or- 
chard. Cradually the 
forests melt away, roads 
are built, cities grow, 
and all the signs of coni- 
jilex civilization appear. 
31:). Tropical lands.— \o single descri])tion will suffice 
for man's use of the earth in warm countries. In o-oneral 




Fu;. 2r>,s. — Iii.liaii haskrtry. 'I'IijnIikI 
an of Utah, clad in liiickKkiii, h^ 
ryiii;,^ tia.skcr, ;l l)aslcc1, ftir \\j 
Hcrd.s, and a ba;>kc(ry cajt. 
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we may say that continued heat makes man less active and 
keen than in the temjterate lands, and more disposed to a 
slnggish reliance on the gifts of nature. These in turn are 
often abundant, nuts and fruits growing freely, and nour- 
ishing num without etiort on his part. At the same time 
the warmth enables life to go on witliout much shelter or 
clothing. Hence there is little incentive to endeavor, and 
the tropical races, as a 
rule, do not use the earth 
wisely, or make progress 
in the higher arts and oc- 
cupations. 

In hot deserts, as the 
>Sahara, conditions are 
quite different. Life tliere 
rec{uires activity and strug- 
gle. Oases — rare spots 
where abundant water 

Fii-i. ^r)'.!, — Indian potli'i-y. A water jar 

makes the soil fertile — iiunk- h. tiir Puebio of ;iurii. New Mexico, 
are planted with date- 
palms, and yield much food. But the broad face of the 
land bears so scanty a growth of grasses and herbs that it 
can give support only to herds which continually move 
from place to place. So life is chiefly pastoral and migra- 
torv. It is also in part commercial, because the desert, like 
the ocean, is a barrier which must be crossed to exchange 
the products of richer lands on either side. 

314:. Man in temperate climates. — Let us think of such a 
region as the L^nited States or central Europ)e. By reason- 
able toil abundant food can be drawn from the soil, hence 
the wandering life of the hot and cold deserts is unneces- 
sary. Man has time to make a home and to gather about 
him its conveniences and refinements. The struggle to 
live is not so severe as to make his life barren, but enough 
effort is needed to keejj him in the ways of strength and 
growth. If he till the soil, he must be diligent in summer, 
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to provide food und other supplies for winter. If lie do 
not eultivate the earth, he must busy himself with products 
which he can exchange for food and his other necessities. 
In temperate latitudes more than elsewhere, civilization 
has developed division of labor. Primitive or savage men 
have few needs, and each one must meet them all. Civilized 
men have many needs, and they satisfy them by working 
for one another, and exchanging the work of their hands. 








Fig. 2(i(t.— Till-' coinmi'rfc of Sahani is hy m ui^ of t u i\ iiih— lon^ liiii^ of 1 nlrn 

camels. 

The cold and poverty of the north, the heat and plenty of 
the tropics, do not blight human life in the countries that 
lie between. Temperate climates have produced the in- 
quiring, daring men, who have sought out the iruknown 
parts of the earth, and set going the machinery of com- 
merce everywhere. 

We learn in our study of history of great migrations of 
tribes from Asia westward into Eurojjc, and southward and 
westward in Europe to the Mediterranean and the Atlantic. 
Early English history is the story of the Roman, the Ger- 
man, the Dane, and the Korman pushing into the British 
Islands. The settlement of America is the further move- 
ment of these great human waves to the westward. Thus 
man illustrates the law described in Section 2!l() as the tend- 
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ency to spread. He, of course, moves with more or less 
couseious j'urpose. The love of adventure and desire to 
know new lands make a ])art of his reason for moving, but 
in general man migrates to find fertile lands or to escape 
ojjpression. 

315. The influence of the sea. — The oceans are the high- 
way of nations. The classic peoples navigated the Medi- 
terranean. Gradually they crept beyond the Pillars of 
Hercules (Straits of (.iil)raltar), and coasted along the 
shores of Africa and Europe. Then the Xorse mariners 
threaded the northern seas, and finally the great modern 
voyag-es Ijegau, which ended in the knowledge of all waters. 
To meet the dangers of the ocean, challenge its mystery, 
and compel it to give up its secrets, has educated and 
splenilidly developed civilized man. The great nations of 
the world have usually been found on the sea-border. Ro- 
man, (h'cek, Northman, Englishman, Dutchman, and Span- 
iard — all have illustrated this principle. Tlie Iloman Em- 
pire was gathered around the Mediterranean, liritain is a 
great empire because her sous have crossed the seas. Cities 
grow up along shore-lines and become centers of commerce 
and travel. Their life is broader and more various in its 
occupations and interests tlum the life of iidand places. 
Fishing determines the life of many coastwise towns, and 
in these modern days the ocean-border becomes a summer 
camp, where crowded dwellers of the city and inland people 
may seek rest, and enjoy in l)ody and mind the peculiar in- 
fluences of the sea. 

?Ai'>. Life among mountains. — It is not easy to describe 
all the elfects of mountain life, or to tell how mountain 
people ditt'er from those of the sea. But one fact is plain, 
and is perhaps the chief one. Mountain people live, as a 
rule, in narrow valleys, and are much secluded from one 
another and from dwellers on the plains. This, of course, 
does not apply to the mountidnsof western Xorth America, 
where metallic deposits have attracted the most active men, 
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and where roiids and telegraphs foster travel and constant 
interchange of thoughts and things. 

But we can find shut-otf people among the southern Ap- 
palaehians, in western North Carolina, eastern Kentucky, 
and Tennessee. There the forests remain. Until lately, 
no railways had entered the region. Visitors from the out- 
side world were few. Ancient ways are the rule, and there 
has hardly been progress since white people first settled in 
those regions. Indeed, instead of progress there has been 
a falling back into coarse and ignorant ways. The peasant 
life of Switzerland — that is, of the Alpine part of that 
country — shows what w^e mean. These people are thrifty, 
simple-hearted, and kiiow little of the outside world. Their 
solitary life, however, is more and more invaded and 
changed as multitudes of people seel-c the mountains as a 
playground. 

317. Geography and history of North America. — The dis- 
coverers of our continent came over the sea from the East. 
Hence they landed on eastern shores, and sailed into the 
bays and rivers that there join tlie ocean. The Spanish dis- 
coverers ocrupied the West Indies and the shores of the 
(iLilf, and carried exploration, conquest, and settlement 
across the plateaus and mountains of present Mexico, Xew 
Mexico, Arizona, and California, to the shores of the Pa- 
cific. The French devoted themselves to the gulfs, islands, 
peninsulas, and rivers of the St. Lawrence region, made 
long voyages on the Great Lakes, and toiled along the 
streams and across the prairies of the Mississippi Valley. 
The English sought all shores, l)ut settled by the harbors 
of the Atlantic from the Carolinas to Xew England. Win- 
ning New York from the Dutch, and at length wresting 
the St. Lawrence, Canada, and the West from the French, 
they made the Anglo-Saxon people the future masters of 
North America. The destinies of the continent wore de- 
cided in tlie temperate region. 

The early English settlements formed a chain along 
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the Atlantic coast. ;Xew England had abundant harbors, 
about which grew Salem, Plymouth and Boston in Massa- 
chusetts ; and Providence and 2\'ewport in Pbhode Island. 
Then the open, fertile Connecticut Valley invited settle- 
ment. 

New York is the natural gate of the eastern United 
States. Its harbor, the 
tidal Hudson, provides 
for the shijjs of all seas, 
and the low pass of the i 

.Mohawk \'alley makes 
easy the transfer of 
men and ju'oducts be- 
tween the ocean and 
the great inland States 
of the ^Mississippi and 
Lake regiims. But for 
Niagara Falls and the 
rapids of the St. Law- 
rence, the metro])olis 
of America might have 
been on the Gulf of St. 
Lawrence. Philadel- 
phia developed in colo- 
nial times u]ion the 
estuary of the Dela- 
ware. Another group 
of the earliest settle- 
ments was made along 
the sliores and rivers 
of the Chesapeake, in Virginia, and later in Maryland. The 
country is flat, and divided by tidal rivers. "Into the 
depths of the shaggy woodland, for many miles on either 
side of the great bay, tlie salt tide ebbs a,nd flows. One 
can go surprisingly far inlan<l on seagoing craft, while with 
a boat there are but few plantations on the old York penin- 




Fi.:. ilil.— The missioi 
Key, C;il., a reeurd 
tlemont. 



>t San Luis 
riy Sl'iinish set- 
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sula to wliich one can not approach very near '" (John 
Piske). Thus pilantations were much by themselves, roads 
were few, and there was little life in towns. 

As the narrow belt along the sea became occujiied, fron- 
tiersmen pushed their way through the forests, along the 




Fir.. 202.— The piif^s of Tlic Mnliiiwk, iisi'd liy ox])lnratinn. early mi^^rjition, canal 
trafUc, and now hy wtill ^M'ealLT rail traffic. 

valleys and over the ridges of tlie Appalachian Mountains 
into tlie fertile jilains of Kentucky, Ohio, and the West. 
For a long time tliis monutaiu wall held the colonies to- 
gether, until they l.iecame strong, separated themselves 
from the mother country, pushed over the low, wooded 
mountains, and covered, within two or three short gencra- 
tioTis, the smooth and open grounds of the Mississippi 
basin. The tide of Anglo-Saxon settlement was for two 
centuries held in liy mountains near the shore-line, and 
then swept to the base of the Rocky iMountains in much 
less than half that period. This, in part at least, is due to 
the smootlmess of tlic interi(U' conntrv, the viclmess of its 
Sf)il, and its comparative freedom from forests. The two 
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natural features winch have shaped the modem life and 
industries of the western mountains and plateaus are the 
dryness of the climate and the wealth of precious metals. 
The Pacific coast region is feeling new conditions in its 
growing relations to the lands across the Pacific, and the 
ports of the West may, in years to come, vie with those of 
the Atlantic seaboard. Meantime the traffic of the Great 
Lakes resembles in importance that of an ocean, and the 
tonnage of Chicago, Cleveland, or Buffalo compares with 
that of Liverpool or Ilamfuirg. 




Fia. ■:2)i3,— Slilppiiig in tlio harltnr nf Ntnv York. The bridge joining Manhattan and 
Broolclyn is su hiLdi in tlic middle tliat sliips pass under. 



31S. Summary. — In different parts of the world the sev- 
eral races of men have in ages past dcvelojied. The white 
man, the yellow, red, and black man are what they are, 
largely through the influence of their surroundings, gain- 
ing their appearance and habits through generations. As 
mankind in past times has thus split into branches, using 
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many languages, so now modern commerce and knowledge 
tend to bind the world together. In ancient and in modern 
days, from motives of war, religion, science, and trade, man 
has sought a knowledge of the world, and helped to build 
up the science which we now study — Geography. As the 
earth has had its influence on man, so man has stamped 
the earth everywhere with his presence. He has fast driven 
out the wild animals, or trained them to his use. Ho has 
swept the native plants from the fields and filled them with 
improved fruits and grains. He has sailed upon the waters 
and made a network of roads upon the land. He is con- 
stantly learning new uses for mineral substances, and is 
pouring out water on the deserts to make them fruitful. 
He predicts storms and floods. He uses the forces of 
nature to turn the wheels of factories, to bring what he 
wishes from all lands, and to flash his thoughts around the 
world. Dependent on the earth, he subdues the earth to 
his use. 
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lied by iee-sheet, 14;i. 

Drift, .s7, 13:1. 

Drnwned river valleys, 04,153. 

Dnmilliis, u;7, 3ii;;. 

DlH;--out. 35i;. 058. 

Dunes, 110; restraint of, 110. 

Dti.-.t. trans|.'()rttMl Oy \\ind, li.iti ; in tlie 
air, 225 ; vnlranie, 2Im;, 237. 

Eartli, licncral characters. 1-10 ; crust, 
4; in relation to siiu, 17-27; mo- 
tiniis, 18; mae'netisiu, 274-27'^; in 
rehition to animals and [ihints, 3UI, 
345 ; in relatiiai {<} man, ;;10-;;70. 

Eiirthqiiake wa\'es, 28*,t. 

Eartlnpialies, 187, 198, 220-222. 

Eir,\'pt, i>ictun; A\'ritirie', 3';o. 

England, dunes, 115; rainfall, 233, 
2:;4 ; coast, ."In ; estlairics, 31i;. 

Euelish exphiration, 3t;o. 

English .^[parri'W, 338. 

Environment, influcnee on plants and 
animals, 337-34;; ; inlluelice on man, 

Errtitlcs, 133. 
Eskrrs. 130, 137. 
Eskiiims, :;i;i. 
Estes Tark, 172. 
Etna, Ib.unt, 201. 

Europe, dunes, 115, 117; t^Oaeial pe- 
rioil, 15ti; mountains, 185, VJ2; raili- 

E.xiOmsImiis, M.ilcanic, 218. 
Elyc of the storm, 200. 

Fall Line, 05, 7U, 153. 
FiliK-al's (.'avr, 210, 310. 
Einu^er Lakes 140. 
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Fiords, 303, 307. 

Fisliing, 301. 

Fiske, John, 3t!8. 

Flax, 351. 

Flint impk'nients, 352, 353. 

Floe-icc, 131, 297. 

Flood-plains, 45. 

Floods, 47. 

Flora, 324. 

Florida, sprin).',s, 100 ; coastal plain, 1 C2. 

Fog, 228. 

Food, animal, .'US. 

Fond, plant, 34i;. 

Forestry, 322. 

Forests, 319. 

Forests, ternperati-', in relation to man, 

361, 362. 
Forms of land, duo t<:) surface wasting, 

87-04. 
France, dunes, 115, lir.. 
French ex[)loration, 3G'J. 
Front Kange, 172. 

Frost, 227 ; wasting of rocks by, 81. 
Fuels, 353. 

Galvestciii, 3,07. 

Gas, natural, 180, 354. 

Geikie, A., lli;. 

Geography and liistory of N-irtli Amer- 
ica, 3llii. • 

Georgia, coastal plain, 152. 

Geysers, 102, 103. 

Giant kettU's, 141. 

Giant's Causeway. 216. 

Gihhs (.'anyon, 140. 

Gipsy moth, 3311. 

(ilaeial lakes, 1411, 151',. 

Glacial pcrind, 10, 132-135, 143-150; 
in relation t'.i soils, 95; cause of iin- 
gration, ;;40, 

Glacial rounding'. 13,s, 139. 

Glacial scratches, ],';4. 

Glaciers, 119-150; mountain, 119-128 
continental, 128-1.';5; cause of, l.'d 
forms of land made hy, 13.5-143; of 
North America, 124-130. (See also 
Glacial period. ) 



Golden Gate, 307, 31C. 

Gold-mines, 97, ISS. 

Gorge, character and origin, 28. 

Gorner Glacier, 119. 

Gradient, atmospheric, 257. 

Grand Canyon of the Coloi'ado, 38, 71, 
90. 

Granite, C, 76, 88. 

Gravitation, 292. 

Great Basin. 175,178. 

Circat Britain, rainfall, 233, 234. (See 
also E/iffland and Scotland.) 

Great Lakes, in relation to ri \'ers. 69; 
dunes, 113; origin of basins, 143; 
preceded by glacial lakes, 146; bor- 
dering plains, 156 ; exploitation, 366 ; 
connncree, 369. 

Gi'cat Plains, 163; treeless, 320, 
324. 

Great Salt Lake, 160. 

Great Salt Lake Desert, 158. 

Grecnlan<l ice-sheet, 128. 

Green Mountains, 189. 

Ground-water, 103. 

Gulf plains, li;2, 320. 

Gulf Stream, 294. 

Ilachures, 15. 

Ilarbdi's and cities. 315. 

Hawaiian volcanoes, 203. 

Ile:it, 239. 

Heat ci|uat'ir, 2,50. 

HcHip, 351. 

Ilerculalieuiu, 2O0. 

Highlands of the lluds,.n, 5s. 

Iliu-hlands, Sc.ittish, 59, ls5, 192. 

Himalaya Mouutains, 124, ls7. 

llisti:)r.\' and geography of i\orth 

,\merica, 366. 

Hng-l k, s9. 

Ihilhuhl, dunes, 115, 116; dikes, 

314. 
Hood, Mount, 208. 
Horse latitudes, 2i;o, 26.7. 
Ibil siointrs, KH. 
lb. use Kange, 17''., 177. 
Hudson Liver, route ..f exploration 
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and '■ominL^ror, Ti>, olo, of.lT ; tiJal 
L^stUiiry, ;'.H4 ; lu'iul wati-j-s, ;ySo. 

llu.ls'iii "N'allfV, WMin-iluwn [ilaiii, 14, 
lill ; staii'L' ol'ili.-VflupiiiL'lit, 5S. 

llniiiliUtv. l^-Jti, 

llurriuancs, 'Jiio, .';o7. 

IcL'brr^'s, llii'., 130, 2'J7. 

■ ••e-jaiii. 34. 

K-i'lali.l, -Jd'.l. 

l.;e-sla.ct^. 1-s. 

KlaliL>. Sij;tke Ki\er (,'aiiy<.iii, 7- ; lava 

I^'iiri.iis r.irks, C, 7(j, IHG. 

Illin<iis, rivi;r \allt\, (IT; aitu^iali 
WfUs, lu4; prairit, IGli. 

IlliiiMis KivLT, ir,, GT. 

India, lava slirvtrt, 'Jlli; soils, 218; 
raitilall, 2-'."p ; iiirin>ii<:,ns, I'l.ii, 203. 

lujiana. iliincs, 113; prairir, lLi2. 

Jlliliall ' 1,,'LMll, wlials, 232, 2il3. 

Ini.liaiis, liM\\- mill aiTow, 340, 33i' ; 
st'inu iiiiplriiu'iUs, 3.'>2, 3.'i3 ; lial>ira- 
ti'iMs, 334; duL^-out. 353, 3.58; roelv 
earvini,', 330; laiskctr}', 332; pot- 
tef,\', 333. 

^^\^■a. ilrilt. 133; praiiie. 132. 

In-i-'atii.ii. 133, 13,4, 271, 272. 

Islaial litf, 341. 

Islands, rnral, 283. 

l.-lan.ls, v..lcanir, 201, 203, 205, 2011, 

Is^il.ars, 254. 

IsoLT'inics, 273. 

IsotliiTjus, 243, 270; lV)r January, 

24.S ; for July, 24;i ; tiir tlie year. 

251. 
Italy, fliniatr, Isfi; volralious, 193; 

oartli'iuakcs, 22'!. 

Japan, eartluiuakes, 220; rainfall, 

234. 
Joints, 28, 37, 38. 

Kanu's, 135. 

Kansas, sink Ijole, OS ; Great Plains, 
164. 



Kentucky, sink holes, 3n, ;);i ; soils, 87, 
;i3 ; Maummtli Cave, 118; ('uniber- 
lantl i'lateLiLi, 183; na:aintaiii life, 
333. 

Kihulea, 204. 

Kind's < 'hapel, 150. 

Krakatoa, 205, 211, 237, 2;i0. 

Lagoons, 284, 285, 310. 

Lake basins, i^dacial, 141. 

Lake deltas, 53. 

Lake shores, 314; dimes on, 110-113, 

Lakes, oi' \'al'iiiU.^ nriu'ins. 30 ; i^Jaeial, 
143; viileauie, 'Jll, 213, 217. 

LaUi.l and sea Lu'eezes, 21.12. 

Land and water, 7. 

Land Ibrins due t" surface wastin^,^, 
S7-94. 

Landslides, 1(15-108. 

Land, up and down movements, 10. 

Latitude ani.l life, 3;;;j. 

J^atiliuie and k.tnL^ltude, 2. 

Latituilc aiel te[nj,eraturc, 243. 

Lava cascade, 205. 

Lava sheets, 213. 

Lava streams, 198, 203, 207. 

Life, animal, in caverns, 100. 

Life (plant and animal ), 12, 319-345 ; 
in relation t(.( ^'lacial c|ioeli, 150; of 
mountain huids, 335 ; nf the occini, 
2!'lt, 343; gceLi'raphic e(jnditi(:(ns of, 
332-345. 

Lirc-sa\*ing stations, 317. 

Li^dit and color, 233-23.K. 

Licht, in relatinn h> life, 33(3 ; source of 
artificial, 354. 

Lii,dltli'"(Uscs, 317. 

Limcstelie, 73 ; M-cathered, 79, 82. 

Llano Estacad", 135. 

L.iess, 113. 

LitUL^itude, 2. 

L"((kout Mountain, 184. 

Los Ang'clcs, nil wells, 355. 
Louisiana, snils. 87; plain, 132; tem- 
perature at New Orleans, 244; har- 
bor. 313. 
Luray (.'avern, 99. 
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Mug-uUan, 1, 298. 

Mugnetism of earth, 274^278. 

Maine, drift, 13G, 137 ; coast, 302, 313 ; 
marine terraces, 314 ; lilo-.saving sta- 
tion, 317. 

Maize, 34S. 

Malaspina (ilacicr, 128, 133. 

Mammoth Cave, 98. 

Man, relations to tlie earth, 346. 

Map projection, 250. 

Maps, liind.s L>f, 14. 

Mark Twain, .52. 

Martlias Vineyard, moraine an<l \vasli 
plain, 138 ; .sliores, 304, 310, 313. 

Martinique, eruptions on, 209. 

Maryland, coastal jtlain, 151 ; early 
settlement, 367. 

Massachusetts, water jiMWer. 42, 149; 
Counecticut A'alley, Ti.s, 70 ; dunes, 
114, 116; drinniins, 137; wash 
plains, 138; glacial lakes, 141; .li- 
matc, 191; \vators[)nur. 2i;."> ; tisli- 
eries, 301 ; coast, 30-'., 31o, 31;; ; har- 
bors, 315, 316; ,i;'ipsy luoth. 339. 

Matterhorn, 18.'., 186. 

Meanders, 18, 4:i. 

Mediterranean Sea, volcanoes, 201. 

Mcditeri'ani.'an seas, 280, 282. 

Meeting of the land and sea, 302-31.S. 

Mcrcator }irMJe'.'tii;in, 2.")0. 

Meridians, 3. 

Meridians, ina;;'netic, 27-6. 

Mesa, 91. 

Mexiei), forests, 322; animals, 331. 

^lirliiLi-an, dunes, 113. 

Michigan, Lake, 312. 

Migration of animals and [dants, 15il, 
340. 

Migrations of men, 366-369. 

Mineral springs, 100. 

Mineral veins, ;i7. 18.S. 

.Minnesota, valleys, r,7 ; glacial lakes, 
111; new rl\'er ei.iursi.', 149; Ked 
liiver Vall.'y, IM. 

Misery, MonlU., 210. 

Mississippi, ii;l;. 
Mississippi delta, .54. 



Mississippi Kivcr, in hood, 46, 48; 

meanders, 49, 51, 52. 
Mississippi Kivcr system, 06. 
Mississippi Valley, 162; .settlement, 

368. 
illssHLiri, 162. 
Missijuri Ki\'cr, 67. 
M..d,ls, topngia]iljic, 16. 
Mohawk \'alley,stage of development, 

58 ; as a gatcwa}', 193, 315, 367. 
Monadnock, Mount, 87. 
Mon,soons, 262, 203. 
Montana, avalanche track's, 85, 80; 

glaciers, 126; vegetation, 1 90. 
Monte Kuovo, 197. 
Montreal, tenipcrature-curvc, 244. 
Moon and tides, 291. 
Moose, 329. 

Moraines, 120, 123, 125. 
M'.tsi[uito Kangc, 173. 
Mountains, and pUUeaus, 168-195 ; due 

to wasting, 87 ; histciry, Is-j; climate, 

ls9, 245 ; inhuence on men, 191,305. 
Muir Glacier, 126, 127. 
Musk-o.\, 328. 

Nahant, 303, 304. 

Nausen, 130. 

Natural gas, 183, 354. 

Na\igation, 300. 

Kcljl-aska, Platte \'alley, 67 ; Indian 

r(.)ck-earving, 36(6 
Neck, \nleanic, 213. 
Needle, niagncti'.-, 274; dip. 277. 
Nevada, (Ireat Hasln, 175 ; rainfall, 232. 
New hingland, drainaec system, 70; 

drift, 133, 135; ueiuntains, 181; for- 
ests, 323. 
Nc\\'foundland, 313. 
Newfoundland, Hanks of, 281, 296, 301. 
New .Icrscy, sinking land. i;3; artesian 

w.lls, 104; e..a.-lal plain. 151, 15:',; 

lava sheets, 211; continental shelf, 

2s:!; eeast. 304, 313. 
New M.'xice. ].lateaus. 174 ; volcanoes, 

20s ; Indian peltei-y, 363. 
New Orleans, tcuipcraturL'-eurvc, 244. 
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Now York, wator pnwrr, -I'J, 14',1 ; val- 
leys, :i>; lakrs, i;i ; Sal'ah ..i^'a Spri lly-.s, 
101 ; dritt, 1S2, l:;i;, i;;7 ; ;;laeial 
scl-atrlics, U;:. ; iml-li.jli.s, 14,1; nla- 
L'ial lakes, Ml, ll::, i.ji;; hike pUiiiis, 
150, U'lT ; rliliiatc, lyl ; (.'oast, 3W ; 
Uiku shoi-f, ."ill, .".lii; fiircstry, ;;,:i3 ; 
liralru's, o-2i ; i;arl>' history, ;a;7, i Sue 
ako J-//r(.«. /«,//>■, CkCs/^'///, and J/o- 
/(./«■/!■ r,(//.//.) 

Nuw V.irk Ihiilior, yi.i, SO',!. 

Kiaii-ara Falls, ys-iS, 111. 

Nik-, llunds, 47, is; ,|L,lta, 55. 

NVirtk Aiiiurk'a, rh'urs, iJ'i-7." ; glaciers, 
124: ; plains, lijl-lti7 ; iiaiLiutaliis and 
idatfans, li;s-l.s5 ; roasts .if, :;iil'-:.;(is ; 
lilants ill, :d'.i-S'..:s ; animals nl, y'2s- 
'j'-M : rL*lati<jti of l^•L■';l^■ra[llly tu his- 
tory, "iiji.;. 

N(;)rtli <.'ar"lina. ilina-s. 114; c-^astal 
plain, lo'J; plactr mining', IsS ; 
ni<:iinitain lilV', ?Ci'). 

N..rtli Dakota, Ked Kivcr \'alluy, 15C. 

Obsklian L'lill, -215. 

Ocean, 27'J-.1"1 ; water, 2si; ; tempera- 
tures, 2>S7 ; waves, -.ss ; eiirrents, 2{'i : 
exploration, 298; deposits in, y'.iu ; 
life, il'O, 34-1 ; inllnenee on mankind, 
Stio ; oi.'eau kasins, 27'.-i. 

Ohio, tem[H'ratures at C'ineinnati, 244. 

I.dls tor li^ht, .';54. 

Oil wells, 355. 

Ontario liasin and (ilaeial epoch, 147. 

Ontario, Lake, 311, 312. 

Orldt of the earth, lH. 

Oregon, dimes. 112, 113; vcilcanoes, 
207, 217. 

Ox-bow lakes, 4',J, 51. 

I'aeitie coast, 307 ; eonimerec, ZM<. 

I'acitie Ocean, 2.S1 : currents, 2:13. 

Palisades of the Hudson, 214. 

Palmetto, 333. 

Parallels of latitude, 3. 

Park Kan-e. 172. 

Parks olthcKoeky Mountains, 171,172. 



Passes, 19.3. 

Pass of the Jlolunvk, 3i;s. 

Peary, K. K., 130. 

Peccaries, 331. 

Pck'c vokauio, 209. 

Pene-plains, 101. 

Pennsylvania, valleys, 5^ ; draiDage 
s}stem, 1)2; large spring, loO; till, 
134; changes eh" drainage, 149; 
nciinitains, 179, 183. 

Petroleum, 1S3, 354, 355. 

Ph}'sieal geography defned, 13. 

Picture language, -JW. 

Piedmont Plain, LOl. 

I'ikes Peak, 170. 

I'lacer mining, LS.s. 

Plains, 151-137; marine, 151-155; 
lake, 155 PIO; river, HlO-lid ; worn- 
down, 101 ; of North America, 101- 
107. 

Plants, wasting of rocks Ijy, 81 ; of 
North .Vmcrica, 319-32S; zones of, 
32(1, 332; as f lod, 347. 

Plateau, Alleghany. LS'J. 

Plateaus and I itains, 108-195. 

Platianis, Colorado, 174. 

Plhi)'. 20". 

J'ouipeii, 2UU. 

potato, 34s. 

Potdjolcs, 37,41, 141. 

Pottery, 3i;:;. 

Prali-ies, 102, 323. 

Prcci[ltatlon, 231. (See also Eiiijl- 

['ressurc of the atnH:)s]ihere, 253-250. 

Prevailing westerly A\-iniJs, 25s, 'jo7. 

Pucl.los, 302. 

Puget Sound, 307, 316. 

Pyrenees, 185, 193. 

Radiation, 239. 

Kailwajs, .",50-358. 

Ihnn and snow, 2.30. 

KainhciW, 237. 

Rainfall. 231 ; of Great Britain, 233, 

231 ; of .\ustralia, 235. 
Rainier, Mount, 207. 
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Kain \\ayh, SO. 

Kapidw, 38, 44. 

Kucldiu^'' Spring, 159. 

Ked Kiver Valley, 155. 

Kelativc humidity, 227. 

Revolution of the earth, 19. 

Khode Lslaiid, yulls, ST. 

Klione Klacier, 124, 357. 

Rhone Valley, 141,357. 

Rice, 348. 

River basins, 30. 

River plains, ICiU. 

Rivers, 28-73; of North America, (jO- 

73; changed by iee-.sliL-et, 14'.'. (See 

also tit/\a///s.) 
River terraces, 52. 
Rock-carvings, 3(50. 
Rock k-<lges and waste slopes, 89. 
Rocks, 5, 74: kinds, 74; wasting, 78; 

hardening, 07. 
Rocky Mountains, sJiarp }icaks, 93 

lake basin, 143; in Colorado, Ifjs 

climate, 190; occupations, 191, 3ij8 

passes, 193 ; plant zones, 320. 
Rotation n{' the earth, 18 ; intlnence on 

winds, 261). 
Run-otf, 36. 
Russell, I. C, 208. 
Russian thistle, 341. 

Sahara, di'ifting sands, 112; dryness, 

236; occupations, 363. 
St. Clair River delta, 61. 
St. Elias, Mount, 128. 
St. Lawrence River, 49, 69. 
St. Pici'rc, destruction n[\ 210. 
St. Vincent Island, eruptions on, 209. 
Siind blast, 117. 
Sand, f-arried hy \vind, 1](>. 
Sandstone, 74; weatJien-d, 78. 
Sandy Hook, 305, 306, 311. 
San Francisco, Mount, 208. 
San Juan Mountains, 1G9. 
Santa Maria (caravel), 359. 
Sawatch Rang<^ 173. 
Scotland, Highlands, 50, 185,192; in^ 

dustries, 192 ; lava sheets, 21il ; rain- 



fall, 233, 234; sua cave, 310; marine 

terraces, 314. 
Sea, 279-301. (See also Ocean.) 
Sea-cliffs, 309. 
Sea-lions, 343. 
Seasons, cause of, 21-25. 
Seneca Lake Valley, 58, 61, 140. 
Shale, 76 ; broken by down-hill creep, 

84. 
Shasta, Mount, 206, 211. 
Sheets of lava, 213. 
Shelter, 352. 

Shelves, continental, 280, 281. 
Shore-lines, uplifted, lo ; of glacial 

lakes, 146; of Lake Bonneville, 15S, 

160. 
Shore of Lake Michigan, 106. 
Shores, 302-318; wave action on, 289, 

309. 
Siberia, 154; railway, 356; native life, 

361. 
Sierra Nevada, glacial scenery, 142; 

uplift, 176 ; map, 178 ; forests, 321. 
Sink holes, 60, 98. 
Sky, colors of, 237. 
Snake River Canyon, 72, 213. 
Snettels, Mount, 93. 
Sno-\v, 231. 
Soils, 94-!m; ; local and transported, 

87 ; glacial, 149 ; in relation to plants, 

Solution of rocks, 79, si. 

Souf'riere crater, 209. 

South America, mountains, ls7; rain- 
tall, 233. 

South Camliua, coastal jilain, 152; 
eartliquake, 221. 

Soutii Dakota, bad lands, 92; artesian 
wells, 104; (^reat I'lains, \C,'k 

South Lookout Peak, 169. 

Soutli Lark, 172. 

Spanish exploration, 366. 

Spits, 311, 31'J. 

Spiings, 1(10. 

Stalactites ;iud stalagmites, 99. 

Standard time, 26. 

Stanley, Dean, 112. 
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Stcamsliip, 359. 

Stoue implements, 352, 353. 

Storms, 258, 259, 2ii4-2i;i', ; e3"rl(iiuo 
2i>S; tliuililer, 204; tixipieitl, 2lj5. 

Stratified rock.s, 5. 

Streams, 2S-7o ; work "f, S; relutiou 
to gorge, 31 ; soureu of water, 35 ; de- 
velopment of valley, 43 ; relatiou to 
rocks, ij2. 

Stroinboli, 201. 

Struggle ibr existence, 339. 

Sun and earth, 17-27. 

Surf, 289, 3IJ9. 

Susquehanna Kn-er, 04. 

Swamps, 112, 314. 

Switzerhmd, alluvial cones, 43; deltas, 
|J2 ; avalanchef~, s5 ; landslides, lu7 ; 
glaciers, 119, 124, 131, 1511 ; glacial 
sculpture, 141 ; li-laciiil lakes, 143; 
climate, liio; inilustries. 191; car- 
riage re'aij, 357; ui'iuntain life, •3';i;. 

■SiUestri, .Monti, 202. 

Tahiti, 212. 

Talus, 29. 

d'ayl'.r, Mount, 208. 

Tea, 349. 

Tempci-ate climates in relatiou te' man, 

Teniperaturi' of the atmosphere, 238- 
25ii; jncasurcnient of, 238; of uiglit 
and day, 241; curves, 242,244; in 
relation to latitude, 243 ; in relation 
to altitude, 245; ujajiping, 240; in 
relation to life, 332. 

Temperatun- ot'tlic oeean. 287. 

Temple ('reck f'anyon, 2'.t 

Tennessee, ri\er licnils, 51 ; moun- 
tains, 179, 183; mountain life, 300. 

Tepee, 354. 

Terraces, 52. 

Texas, had lands, 91 ; coastal plain, 
102 ; Llami Kstaeado, 165 ; coast, 307 ; 
animals, 331. 

Thermometer, 238. 

Thermometer record, 242. 

Tliunder-Btorms, 264. 



Tiliet, 187. 

Tides, 290. 

Tidew:iter Vilginia, 151, 307, 307. 

Till, 133. 

Timber-line, 16S, 320. 

Time, standard, 26. 

Tobacco, 349. 

Tools, 352, 353. 

Tornadoes, 265. 

Trade-winds, 259. 

Travel, modes of, 356. 

Trellised drainage, 63-65. 

Trinity College, 82. 

Ti'opieal animals, 331. 

Tropical lands in relation to man, 

Tundras, of Siljcria, 155; .if Alaska, 
105, 107 ; animals, ;',2S ; |icoplcs, 301. 
Tuolunnic iMonument, 139. 
Tyiihoons, 200. 

l^ndergroinid chaliLO'S, 90-105. 

Uiiih-d States, drifting sands. 111; in 
the (dacial period, 132, 145 ; weather 
maps, 247, 256, 258; weather predic- 
tions. 20s ; climates, 27n ; coasts, 302 ; 
t'oast Survey, 277, 29:i, :Wi ; riepart- 
mcnt of Agriculture, 90, 1 Hi, 322; 
IlydrOH-rapliir OIHcc, 2:i0 ; Wcathiu- 
Bureau, 48, 254, 208. 

Itali, lake plams, 158: j^latcaus, 174 ; 
tlrcat B;isin, 175; old sli.irc-lines, 
314; Indian basketry, :;02. 

I'-trouglis, 140, 141. 

A'allcy, development of, 43, 57. 

Veins, 97, 188. 

Vesuvius, Mount, 196, 220. 

V -gorge, 31. 

Virginia, Shenandoah Valley, 58; up- 
lands, 59 ; soils, 96 ; Luray Cavern, 
99, 10" ; Natural Bridge, 99 ; coastal 
plain, 15]; mountains, 179, 183; 
tidal rivers, 307 ; prairies, 324 ; cai-ly 
settlement, 367. 

Vlies, 61,14s. 

Volcanic cone, Itistor}' of, 211. 
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Vulcanic explosions, 218. 
Volcanic hikes, 'All. 
Volcanic neck, 213. 
Volcanic soil, 217. 
Volcanic tuft', 219. 
Volcanoes, 19G-222. 
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Waves, 288. 

Wave work, 309. 

Weather and climate, 2fJ8-273. 

Weather Bureau, 48, 254, 268. 

Weathering and soils, 74-108. 

Weathcr-niaps, 247, 256, 258. 

Weathcr-.signs, 26:i. 

Wells, 103. 

\\'est Indies, volcanoes, 209; hurri- 
canes, 2ii6. 

Wheat, 347. 

Winds, storms, antl eliniate, 253-273. 

Winds, cause of, 256 ; prevailing west- 
erly, 258; cyclonic, 258 ; trade, 259, 
2(;i; ; nf the Atlantic, 261 ; terrestrial, 
26li. 

Wind work, 109-118. 

Winnipeg Lake, 156, 

Wisconsin drumliiis, 137. 

\\}aimiiig, hot sjirings, 101 ; geysers 
1"1, lo:: ; pass, 1:13. (8ce also r<?- 

^'c]lo\vst<:,ne C'anyrin, 30. 
Vclhiwslone I'ark, lol-lo:-,, 21.5. 
Yukon Uiver, 72; .lelta, 56. 
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